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METHOD OF FORMING PID PROTECTION DIODE FOR SOI WAFER

by

'BACKGROUND OF THE INVENTION

Field of the Iﬁventio_n _

This invention relates to a semiconductor integrated microelectronic circuit device

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

Deécription of thé Rélated Art

| SOl (silicon—on—insﬁlator) technology is the fabrication of integrated -
semiconductor microelectronics circuitry on a‘three-layer subs&ate consisting of an upper
layer of monocryst_alline silicon, a layer of insulatiﬁg fnateria_l, Lisualljy; an oxide of siliéon,
and an undérl;gmg layer of monocrystailine siIicon._Although there are se{/e;ai methods
fo_r forming the SQI structure, wéfer bonding or the SIMOX (separation by implanted
oxygen) techniqu_e, 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 electricall; isoulated 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.



The very _isolaﬁon of the thin ﬁpper silicon layer from the moré substantial lower
layer presents the possibility of unwanted sﬁrge Currents in signal input lines, such as
those caused by eIectro.static discharges and the like, damaging circuit eléments. One
accepted way of ameliorating the effects of such currents is to provide the i;1put line with
a protective diode éircuit to cﬁénnel current surges away from the affected regiops..
Tsuruta et al. (U.S. .Patent No. 5,567,968) teach the foﬁnaﬁon_of a protective diode -
structure. that allows the péssége of h1gh currents m MCSFET circuitry fabricated in SOI
layers. They teach a particular Aiode structure wherein a p-type semiconductor laver and*
an ﬁ-type semiconductor 1aye.r.are electrically conriected by a buried semiconductor layer
to form a vertically disposed pn—junétion. The diode so formed is then itseif connected
electrically to an a{dj abgnt MOSFET and thereby functions as an electrostatic discharge
~ protection element. Suzuki etal. (U.S. Pétent No. 5,751,041) teach a method of

profecting ;1 CMOS invert_er-circﬁit formed in an SOI substrate by use of an np-‘diode.
connected between the signal input line and ground._ They teach the fonﬁation of a.
sec':ond. diffusion layer of a conducti_vity type that.is the same as but of a higher
c;oncentration than that of the substrate, so asl to circumscribe the extent of the deplgtion
fegion and eliminate unwanted le;akage curreﬁts. Fukumdto et al. (U. S. Patent No.
5,786,616) teach the fomaﬁon of a diode type circuit that protects against two types of
l- surges: a surge between the signal input terminal and a ground terminal, and a surge
between a signal i;put términal and a power supply terrr;inal, 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
sémiconduc_tor substrate.

As can be seen from the above, the use of diode circuitry of one form or anotirxer
. to protcc.t. integraied SO microelectronic circuits is an accepted part of the present art of
fabricétiqg such circuitry. Such protection, however, is not orﬂy needed when the lSOI
circuits are in actual use, it is also needed to protect the SOI circuitry from hazards that
arise during its fabrication. In particular, the eXtenéive use of plasmas in such fabrication
| processes as plasma assis_ted film depositi(ms and etching causes the accumulation of
charge deposits on conductive surfaces. If these charge' excesses were not removed, théy
WO_ﬁld produce potenti'al. diﬁ'eréhcés across gate oxides which v?ould be sufficient to |
cause their bréakdov’vn and damage or dest;'oy transistbrs.
| ~ Another cause of circuit damage during SOI microélectronics fabricetions as well
as loss of circuit reliability is excessive heat buildup due to _p§oi~ heat conduction and
~ dissipation. The réduced size of modérri microelectronic circuitry requires the use of
~ low-k (lé_w dieléc.ﬁic constant) materials to serve as interlayer dielecfrics and _ins'ulating
layers. | Low-k materié.ls, such as CORAL, 'h{éhufacnued by Nov.ellus Corp., Black
Diamond, manufactured by Applied Matérials Corp., organic films from the Schumacher
Corp. and various carbon-containing films, .allow' the formation of closely packed circuit.
~ elements without tﬁe attendant interjelement paraéitic capacitances that would .Lje
‘associated with other dielectric materials.“ Unfortunate;I}:, sﬁch low-k dielectric materials
also have low thermal conductivities, typically 0.24-0.37 W/k.m vs. 1.2 W/k.m for Si0,, _
ﬁvhich 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



addresses the heat dissipation problem simultaneously with the excess charge reductioh
problem by teaching a method of forming a PID protective diode that produces a
structure capabie of eliminating or signiﬁcantly reducing both probiems and does so
_efﬁciently, cost—effectively and in a manner that smoothly integratés- its formation into

the overall circuit fabrication scheme.

SUMMARY OF THE INVENTION

It is an object of the presént i_m_/ention to teach a method of forming a "plasma-
induced -damage'_' (PID) diodé protective cifcuit fo;' an SOI integrated microelectronic
fabrication, such as a fabrication contéinin‘g an arbitr’ary- array of gonductively
inéerconnected nMOS and' pMOS trénsistors disposed in siﬁgle or mulﬁple levelé of
integration. |

Itis yet another 6bjecf of the presenf invention to teach a_method of 'fabricating a
PID diode proteétivé circ_uit fér an SOl integrated rrlxicroelectroriic.s fabrication that_
enhances the dissipation of heat produced during fabrication pfocesses.. |

- It is yet a further 6bj ect of the present invention to teach a PID pi'ot_ective diode
circuit fabrication method that is acc_omplished efﬁcieﬁﬂy, coét-efféctively andina .
manner that smoothly integrates the diode formation intc; the overall fabrication scheme.

The .obj ects 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
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lowest silicon layer of the SOI substrate and, at the samé time, conducts excess heat away
from said portions of the circuitry, similarly éonveying such heat to the lower silicon
layer éf the SOI substrate wherein it can bé cﬁssipated without damage to the fabricated
- circuitry. This is achieved by conductively connecting said .diode to metal layers and
_structures-,' formed in .various shap_és over tﬁe various levels containiﬁg active portions of
the circuitry, said Iaye;s and strﬁcnzres serving bo'.chlas charge collecfors and heatsinks
and, thereby, conveying both éﬁarge_and heat, through inter-level vias, directly to the .
lowest silicon layer of thé SOI substrate. |
o The obj ects of the present invention are further achieved efficiently and cost-
efféctively by making use of an alignment opening fdrmgd' during the fabrication brocgés

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

BRIEF DESCRIPTION OF THE DRAWINGS

: Figurés 1-10 show, in schematic fashibn, a sequence of ﬁrocesses leading to the
' fabricatibn ofa tyﬁical microelectronics integrated circuit on an SOI substrate,
iﬁcorporating a PID protective diode that eliminates excess cha_rgé and dissipates heat.
Fig. 1 shows a schematic cross-sectional view of a lightly doped p-type SOI
- substrate on whic;l a photoresisE film has been patterned for tﬁe production éf shallow
trench isolation (STI) regions that will separaté act_ive.elements of the circuitry.

Fig. 2 shows a scj.hem_atic 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.



Fig. 3 shows a schematic cross-sectional view of the SOI substrate of Fig. 2on
which a second photoresist film has been deposited and patterned Ifor the forma_tioh of an
| alignment opening. | )

Fig. 4 shows a schematic cross-sectional view of the SOI substrate of Fi ig.
subsequent to the etchmg back of the previously patterned alignment opening.

| Fig. | 5 shows a schematic croSs-seétional view_ of the SOi substrate of F ig. 4 on
which a third photoresist film has been patterned. to allow the_ _implan_tdt_ion of ntype

' imporities into the u;oper silicon layer and into the portion of the lower silicon substrate:

- exposed by the previous etching process depicted m Fig. 4, produci_ng.therein an n- well

structure that will form the PID protectlve d1ode

Fi ig. 6 shows a schemat1c Cross- sectronal view of the SOJ substrate of Fig. 5
subsequent to the formation of gate electrodes and polysilicon spacers. The detailed
~strw.u.ttute of the electfodes is not critical to the present inVention and is not shown herein.

F1g 7 shows a schematic cross-sectlonal v1ew of the SOI substrate of Fig. 6 ,

' subsequent to the deposition and pattemmg of a fourth photore51st film to allow
1mp1antat10n of n+ source/drain regrons in the pMOS structures and to form an n+ well
within the already implanted n- well of the PID protective dmde formed in the underlymg

| sﬂrcon substrate as shown in Fig. 5.

- Fig. 8 shows a schematic cross-sectlonal view of the SOI substrate of Fig. 7
subsequent to the implantation of a high density of p-type 1mpu_nt1es to form p+
source/drain regions for the nMOS structures and to selectively form salicide contact

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



Fig.9 sh<.>ws_a schematic cross-sectional view of fhe SOI substréte shox&ing the .
formation of cdntacts to the salicides and the PID protection diode through the ILD.

Fig's. 10 A, B, Cand D show a com_mo_n side view (10A) and two different top
views (B and C) of the fabrication of Fig. 9, on which has nc;w been formed a layer of
metal to act as both a heat sink_ and charge coﬂector.' The figures also .shéw atop view of
the conducting contacts that arise from a typical. transisfor in the SO} substrate béheath
the ILD and ére separated frofn the metﬁ layer fhat connects to the'PiD protective diods.
F ig's 10 B and C differ only m the shape of thié metal layer, said shapes being only two
a:_riong the many that could be formed as appi'opriate to the nafure of the. underlying
circuitry. Fig. 10 D Shows a top view of a siight_ly.- _different circuit coriﬁgﬁfation, -
whérein an entire transistor afray would be located beneath an éppropriately shaped
opening in the metal iayﬁf.

. DESCRIPTION OF THE PREFERRED EMBODIMENT

Tﬁe fabricatidn method by which a protle.ctive PID diode circuit is incorporated
into an SOI nﬁcroelpctronics integrated circuft,will now be described with reférence to
the above ﬁgﬁres. Referring first to F1g 1, theré is shown a schematic crosé-sectionai
diagram ofa ﬂiree—layered SOl (silicon- on-insulator) substrate, comprising an upper |
monocrystalliné si;icon layer (10), an insulating ia&er ( li), 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



known to practitioners of the art. The upi)er surface of the upper silicon layer (10 is
showﬁ_ covered with a first layer of photoresist (16) that has been patterned for the
formation of shallow trench isolation (STI) regions. Althoﬁgh methods of formirllg STI
regioﬁs are known to practitionérs of the art, the method of the present invention etches
the .upper silicon layer (10)'through the mask, ﬁllsl-the trenches so produced with -silicon |
oxide or silicon oxynitride (18) and then pianariies the resulting formation. |

Referring next to Fig. 2, there is sﬁown the SOI su}?strate of Fig. 1 subseqﬁent to
thé formation of tfxe shallow trench isola_ﬁon (STI) regions (18), the removal of the first
photoresist layer and the planarization of the faErication so produced.

. Reféning' next to Fig. 3, t_her;'is. shown the SOI substrate of Fig. 2 with the -

. forniation .the_reo'n'of a second ph'otoresi:st Iayer (205, patterned at (21) tb allow the
formation of an opéhing through thé STI oxide (18) and the SOI oxide layer (12) (e.g. by
a C4Fj etch) to expose the lower silicoﬁ layér (14). The PID protéction diode will
ultimately be formea in the loWer silicon layer (14), which layer does not cqntain the
integrated r_ﬁicroel_ectronics circuitry and, therefore, allows .the formation of a larger diode
appropriate to the magnitﬁde of the discharges to be protected against.

Reférfing next to Fig. 4, there is shown the SOI sﬁbsu'ate 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) seﬁes both as an alignment opening for mask
alignment and rei)air and as enftry to the lower éilicqn lay;:r (14) for the subsequent PID

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



Referring next to Fig. 5, there is shown the fabrication of Fig. 4 with the addition
of a third ph_otoresist layer (23) which has been patterned to allow the formation of an n-
type well in the silicon substrate at (24), which will_ be the PID protection diode.

Referring next to Fig. 6, there is_Showu the fabricetion of Fig. S subsequent to the
removal of the third photoresist layer and the n—type dopmo that has now produced the .

. substrate well (28) of the PID diode and other n-type doped reg1ons (shown -
crosshatched). A succession of uddmonal 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 Fic. 6, subsequent'to the
paiterning of a fourth photore51st layer (33) to allow the 1mp1ant ofa h1gher den31ty of
n—type ions so as to form an n+ reg10n in the Iow density u—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+ dopiug- of the PID diode well-allovtr's a
| low-resist;nce contact_ to be subsequently formed on the PID diode.

| ~ Referring next to-Fig. 8, there is shown the febricatiou of F;g 7 with the
additional formation of silieided pt irdplanted source/drain regions that have been
formed, either on all S/D regions or seleetively, by the salicide process. (40) {shown
opoositely 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 plasrua deposited USG or FSG; carbon doped films or oxides,

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



Referring, now, to Fig. 9, there is shown the fabﬁcaﬂon of Fig. 8 with the
additional formation of contacts (44) thr‘ough the ILD, to selected circuit elements and to
the PID diode, thereby allowing the PID diode to pérform its protectiv% role.. )

Fig's 10, A, B, C and D, show the fbrmation ofa nﬁetal layer over the fabrication
of Fig.' 9, said metalllayer being conductively connected to the PID'protecti\;e diode -
beneath it. Fig. 10A is a side view of thé fabricatiori of Fig. 9‘,_sh0\.;ving the rﬁetal _1ayer
(50). .The PID diode is. connected 1.:0.‘this layer by its contact (44&) at (52). _;l'he emerging
contacts (4415) from an exemplar ciréuit element beneath the ILD are conne_cted to metal

pieces, such as tungsten pieces, that do not touch the metal layer, but are separated fromi
| it by a aistance that depends on tﬁe width of those pieces. .

Fig. 10Bisa scheniatic top view of the fabricaﬁpn of Fig. IO_A; The metal pieces

(53) connecteltli_to the circuit element are éhown-separated froﬁ the metél layer (50) by at
leagt an axnouht "X," said aﬁo@t depending on the w1dth of the metal pieces and being
generally equal to or greater than the Widfth-of the metal pieCes_(S 3). Asan ex'émplef
Metal Width (microns): . 0.19 S 024 036
Spacing (microns): ' _>Q.20 - >0;24 _ >0.38
Adﬁiﬁonal ‘metal layers may be formed over gdditional levels of circuit integraﬁori,
passing cbnducting leads to the PID protecﬁve -diode through vias formed in the
| appropriate ILD Iayers. |

Fig. 1dC _s?mws a metal lé.yer 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



fabrication steps or circuitry formed below. The spacing, X, between the layer and the
metal pieces still obéys the same rules. |

| Fig. 10D shows a metal layer shaped to accommodate a tranéistor array,. SRAM or
DRAM beneath it. The shapes of the Iayef:dépictéd'in B,Cand D are By no means

exhaustive.

-As is understood.by a.pex.'son skilled in ;che art, thé preferred embo&iment of the
present invention is illustrative of the present invention rathér than bei_ng limiting of the
present invention. Revisions and m,odiﬁcatibns may be made to methods, processes,
materials, smcﬁﬁes, é.nd dimensions through which is formed a PID protective diode for
an SOI wafér, while still providing a PIIj protective; diode fér an SOI wafer formed in

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

11



What is claimed is:
1. A method of forming a heat-dissipating PID protective diode for an integrated
semiconductor microelectronics circuif oﬁ an SOL substrat.e, cdin;irisir_xg:

providing an SOI substrate;

forming and pattemmg a first photoresxst layer on said SOT substrate;

forrmng a plurahty of shallow trench 1solat10n (STI) regions through said
photores1st layer by means of a ﬁrst etch process and STI oxide deposition, then
-rernovmg said photore31st layer and plananzmg the substrate;

_forming and patternmg a second photoresist layer on said SOI substrate;

refnoving a portion of S'I'I and SOI oxide layer énd exposing the lower silicon |
layer by a second etch process through said second photoresmt 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 thrqugh said third photoresist. layer, forming thereby a PID protective np-
diode structure and then rerhoving said p-hotoresist léyer; |

patterning and etching a pluraiity of gate electrodes and sidewall spacers over
selected portiéns of the upper -s'il.icon layer of the SOI substrate, fon'ning.thereby a
portion of a microelectronics fabrication in the upper sil_icoﬁ layer;

forming and patterning a fourth photoresist llay_eryon séid SOI substrate and
implanting a certain high density of dopant ions through said photoresist layer into the
exposed low density doped région of the PID protective diode in the lower silicon layer,

forming thereby a region of higher dopant density and improved conductive contact

12
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properties within the region of lower dopant density and also implanting said high density
of ddpant ions into selected regioné of the upper silicon layer to form, thereby, source and
drain régions for a plurality of transistors in the miéroelectronics fﬁbrication and then
removing said photoresist layer; |
. implanting a certain high denﬁity of dopant ions into selected regidns of the upper

silicon layer of the SOI substrate to form, fhercby, silicided implanted source and drain_
fegions for a plurality of transistors; - '

forming silicide contacts bn the source, drain and gate regions of thé transistors by
a salicide process;

forming an interlayer_dielecfric (ILD) over fhe fabrication; | _ ot

fonniﬁg conducting contacts. to the sﬂicided }egi'ons.of selected transistors of the -«
microelectronics fabrication or to other selected circuit éleme.nts' and to the .implan‘ced
high dopant density fegion of the PIIj protective ‘diode. forrned in the lower ‘silicclm layer |
of the SOI substfaté, completing, thereby, a PID protective diode structure for the entire
fabricat_ion; |

forming é metal layer. over the ILD layer, said metal_layer Seing in electrical
contact with the contact frorﬁ the PID diode, But not being in electrical éontact with the |
contacts of the selected transistors or circuit elements; |

forming, if required, additional levels of microelectronic integration over the

-
1

fabrication;

forming, over each such additional level, a metal layer cdnnectéd, through vias, to

the PID protective diode.
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2. The méthod of claim 1 wherein the SOI substrate is formed by the SIMOX
method or by a method of wafer bonding. |
3. The method of claim 1, wherein the upper and lower silicon layers of the SOI

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

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 centimetér.

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

density of between 1E15 and SEL1S 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

e

_ as B or BF, ions and they are implanted to a density of between SE13 and 1E15 ions per

cubic centimeter.

14
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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 oxides, witha -

- thickness of between 6000 angstroms and 20,000 angstroms.

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 méthod of claim 1, wherein the metal Iayer'coveﬁng the ILD is shéped such
that it optimally collects excess charges Iand dissipatés heat_gengrated by suBsequent
fabrication processes, such shapes consisting of, but not limited to, perimeter pieces,
fingers and antenna shaped projections, formed S0 As to maintain a cerfai_n 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.

12.  Anintegrated semiconductor microelectronics ciréuit formed on an SOI substreité
and protected by a heat-dissipating PID diode, compr_ising:

an SOI substrate;

a pluralitynof nMOS and pMOS type transistor devices with silicided source/drain
and gate electrode contacts, formed in the upper silicon layer of said SOf substrate;

a PID protective diode formed as a junction in the lower silicon layer of said SOI

substrate;

15
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an ILD lformed over said circuit, through which pass conducting contacts to the
transistor devices and PID protective diode. |

a metal layer formed over the [LD layer, said metal layer being in electrical
cohtact with the contact from the PID diode; but not ~being in electrical contact with the
contacts of the selected trahsisto_ré or circuit _eIementsj |

additional levels of'micr.oel_ectronic integration, as required, formed.-cver the
fabrication; |

a metal Iayér forméd over egch additional level and conhected, through vias, to

the PID protective-dio’de.

13.  The method of clai_rh 12, wherein the SOI substrate is formed by the SIMOX | . |
- method or by a method of waf_ér bonding. |

14. The method of claim 12, wherein the upper and lower silicon layers of the SOI

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

15, The method of c_:laim 14, wherein the PID diode is an np type diode having alow
density of n-type ions such as As or P ions implanted in the lower p-type silicon layer of

the SOI substrate and they are implanted to a density of between SE13 and 1E15 ions per .

b Y

a

3

cubic centimeter.
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16. The method of claim 12, wherein the ILD. is.formed of é layer of dielectric
_material chosen from among the group consisting of BPSG, FSG, USG or various oxides,

with a thickness of between 6000 angStror:is and 20,000 angétroms.

| 17. | The method. of claim12, wherein the contacts through the ILD to the PID diode

and silicided regions of the MOS devices are formed of t.ungsfen.

18. B The method of claim 12, wherein the 1;‘1eta1 léyer covering thé ILDis shépéd such
that it optimally collects excess chérges and diésipates heat generét'ed by subsequent -
fabricéti_on' processeé, such shapes .conSistin'g of, but not limited to, perimetér- pieces;
fingers and antenna'shaped projécl:tic_)ns', formed so as to maintain a certain minimum

distance from any nearby conductive contacts to the circuitry below.

19.  The method of claim 12, 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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