fE pM ;;2U7 A METHOD OF MAKI NG DI RECT CONTACT ON GATE 5 BY USI NG

DI ELECTRI C STOP LAYER BACKGROUND OF THE I NVENTION 10 (1) RIELROF;THE

| NVENTI ON The present invention relates generally to a nethod of forming a
sem conductor device, and nore particularly to formlow resistance gate
contacts in a MOSTET device. 15 (2) DESCRIPTION OF THE PRI OR ART There has
been increasing interest in the possible use of CMOS (conplinentary netal -
oxide-silicon) circuits for RF applications at > 900 MHz, such as nobile
tel e-comuni cation 20 devices. The reasons for this are: |ow fabrication

-cost of CMOS devi ces £RmgicH dmAhﬁ'N@bf@éi‘t%@flgg?mb&%&and GaAs

integrated circuits (1C), easy integration 0o t al

conponents, and fundanment al i {3 i ynam ¢ range when a
frequency mxer is requi re%&a?%%g%g%ﬁiﬁg&gg ltsﬁlé)g,taf%ﬁgﬁ Furthernore, the
cut-of f frequency of small geonetry MOSFET has becone conparable to that

of advanced bipolar transistors. In addition, mninmm25 noise figure
(NFmM n) has also inproved in the subm cron devices. For these reasons, CMOS
devices will be increasi ngl JAGEEROANRIOF Tkt NSANTION. In the case of

hi gh-ﬂfrequency anal og MOSFET's, while high trans-conductance is inpor- t J
" AN

(1} FIELD OF THE INVENTION

The present invention relates generally to a method of forming a semiconductor device,
and more particularly to form low resistance gate contacts in a MOSTET device.
15

(2) DESCTIPTION OF THE PRIOR ART

There has been increasing interest in the possible use of CMOS (complimentary metal-
oxide-silicon) circuits for RF applications at > 900 MHz, such as mobile tele-communication

20 devices. The reasons for this are: low fabrication cost of CMOS devices compared to the
currently used bipolar and GaAs integrated circuits (IC), easy integration of analog and digital
components, and fundamental advantages if attainable dynamic range when a frequency mixer is
required in specific applications. Furthermore, the cut-off frequency of small geometry
MOSFET has become comparable to that of advanced bipolar transistors. In addition, minimum

25  npoise figure (NFmin) has also improved in the submicron devices. For these reasons, CMOS

devices will be increasingly used in RF front-end IC’s.

In the case of high-frequency analog MOSFET’s, while high trans-conductance is impor-




tant for high cut-off frequency and | ow noi se characteristic, |ow gate
resistance is essential for reducing thermal noise. In advanced device
desi gns enabl ed by advances in process technologies, mninumfeature sizes

are continually decreasing. As a result, channel [|engths %nOSﬁﬁETWQevices

and thereby gate el ectrode wi dths have significantly decreaée‘ﬁ”CWéfnajor

probl em associated with narrow gate electrode is its high electrical sheet
.resi stance which inpairs the device performance. Several nethods have been
proposed and used in prior art for reducing gate resistance. One nethod is

to divideyihe, Q?gth%u?-bﬁcﬁ‘erqggr’f‘cgiﬁﬁglog«%ﬁ?aéha%@tteﬁstfé Wr#%ta r%%tgl‘lcgﬁg Fssélig[ég%r

havi ng provided Wth a conta ereby I ncreas

cont act . method,i se tal silicide contacts. such as
titaniunﬁ%@%wggggﬁgﬁgfig%bal g?%?%%gé%vg n%%ﬁgf ¢ gﬁgsgyTﬁgmﬁ?ﬁs@np“meﬁ
inventio roposes an alternate nethod of reducing gate contact resistance
by 0 r edEH oLt NG B et Bt Re LR S ge L BEDUNS,
Patent. No. 5,731, 239 describes a nethod for making | ow sheet resistance sub
15 quar t i hi@isrepehesal gasicsctipdawidths py sigaijicaily derrasede Oisdnajensbhies
first patterning the gate froma doped poly-silicon layer. After formng

t he si de\ﬁémcwé%glé/éh JagAy gt eleelrelieaisritsclogh gbsttricaledieetrissisfiande Fhich dmpaict the
the insulating layer is chemcally mechanically polished to the silicon
nitride alevicheedatened. Severaldacthadsdrave Aegr opoved pitl Zdetign prig anfoatddabing $aidone
and a titanium silicide is selectively forned on the gate el ectrodes

resul ti ngedistaii@BOhe glethiod iStozdisidanie faeveetbddOndheiralr @&l SARRL ith cach finger
Al ternatively, cobalt silicide can also be forned on gate el ectrode to

reduce t h@vingair6viti&p Withansdhachale, Rk 8t inbRagifs %%%‘ﬂ%a@eéﬁ'&igp%%aa ARlied

to forma "nmushroom shaped” gate structure that incré&ases the top gate

si | i ghde GORSAGT 08T AN i IR Q¥EStstd18h §§‘|tii[aﬁiu%tthrpé§teﬁ,r SCES R fiRides or metal

gates. The present invention proposes an alternate method of reducing gate contact resistance by

directly contacting the gate poly-silicon with the contact metal.

U.S. Patent No. 5,731,239 describes.a method for making low sheet resistance sub

15 quarter micrometer gate electrode in FET devices. The method involves first patterning the gate
from a doped poly-silicon layer. After forming the sidewall spacers and source/drain contact
regions with Ti contacts, the insulating layer is chemically mechanically polished to the silicon
nitride on the gate electrode layer. A pre-amorphizing implantation is done and a titanium
silicide is selectively formed on the gate electrodes resulting in small grain sizes and reduced

20 sheet resistance. Alternatively, cobalt silicide can also be formed on gate electrode to reduce the

gate resistance.

U.S. Patent No. 6,010,945 describes a method to form a “mushroom shaped” gate

structure that increases the top gate silicide contact arca and improves the salicidation process.
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2 The upper gate extensions increase the top gate surface area so that
silicide gate contacts will have lowresistivity. 5 U S Patent No.
6,271,087 Bl describes a nethod for form ng self-aligned contacts and

| ocal interconnects. Multi-layer structures are formed on @ igemi’gonduct or
substrate; sidewall spacers are fornmed around the multi-layer structures;
source and drain regions are forned; a stop |layer is deposited over the
_Ssubstrate foll owed by the deposition of a dielectric |ayer over said stop
| ayer. A first photo-resist contact mask is used to etch core contact and

. peripher ahy .l 008l o140 LA} &LLONRELL. I i ﬁ%ter stripping .the first n%ﬂk,
a second cgﬁggctgnagt bs oﬁnﬁg&gﬁgﬁﬂtggéﬁ%|‘FfF%§%%H%F?ﬂ%96£Q§‘Qchgﬂé ed
to forn1|oga “;%Heégpnnect openi ngs. After renoving the second mask, a
conductiJ@'?(ﬁnﬁfg débosited over the dielectric layer and in the core and
peri pheral openings, followed by chem cal nechanical polishing to renove
the conductive filmeverywhere except in the core contact and | ocal
i nterconnect openings. 15 U.S. Patent No. 6,281,059 Bl describes a nethod
of fofm ng ESH-priated e .27 08A 1 lsdeseriberis methed dom@rihingi solf-alipmpidacvintcisomd
into the drain contact hole of the ESD protective transistor, wherein the
cont act Hodak interchraderisc dvisi-kiyenuidttuaiesust fomiddhorgatsemontaedr dubitese; aldeshad
fundanmental transistor and the ESD protective transistor. Both of the
transi st apaetravef@mad arona P et invie-1a%dk alru@ies; GoGRe Ay efil RgaPaleMermed; a stop
poly-silicon |ayer to prevent penetration of p+ ions into poly-silicon
whi l e | mMdsapid BokilidCovehehCabb@t fRIRWRI. by2fheeposition of a dielectric layer over said
stop layer. A first photo-resist contact mask is used to etch core contact and peripheral local
10 interconnect openings.  After stripping the first mask, a second contact mask is formed and the
multi-layer structures are etched to form local interconnect openings. After removing the second
mask, a conductive film is deposited over the dielectric layer and in the core and peripheral
openings, followed by chemical mechanical polishing to remove the conductive film everywhere
except in the core contact and local interconnect openings.
15
U.S. Patent No. 6,281,059 Bl describes a method of forming ESD protective
transistor. This is done by ion implantation into the drain contact hole of the ESD protective
transistor,  wherein the contact hole is fabricated simultaneously with gate contact holes of the
fundamental transistor and the ESD protective transistor. Both of the transistors have a

20 respective metal silicide layer to cap the poly-silicon layer to prevent penetration of p” ions into

poly-silicon while implanting into the contact holes.
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Ek~ SUMMARY OF THE | NVENTI ON Accordingly, the main object of this
invention is to describe a nmethod of formng a 5 MOSFET device with | ow
resi stance gate on a sem conductor substrate. It is yet another object to
describe a method to form |l ow resistance gate contacts in a MOSFET device
on a semi conductor substrate. 10 Another objective of the inmventiom.is to
descri be a MOSTET device with | ow resistance gate. In accordante w'th
.these objectives, a CMOS RF device and a nethod to fabricate said device
with | ow gate contact resistance are described. Conventional MOS transistor

cis first 15 forned wth iSoéﬁﬁhﬁﬁRﬁﬁgkﬁﬂﬁzH@@EﬁTﬁﬁ%“Ct“re’ si dewal
e

spacers, and inplanted sourc rain regions. An oxide |layer like TECS is
deposited, planarized with chem cal nechanical polishing (CWP) to expose
the gate. Silicon nitride is then deposited and planarized with Cvw, and

then etched except around the gates using a gate poly-silicon oversize
mask. | ntor -1 &veotmebl dag met SRSl W1 HH ep Bsibr Ferteohmiioha! ML Red:
and contact netal deposited to formthe transistor. 20 The resulting

devi cé sMQRKEF dedenvisly bosv i5higianga waamen § sydigenduetopstbetrgesi st ance. BRI EF
DESCRI PTI ON OF THE DRAW NGS The objects, advantages, and details of
fabricating a sem conductor device according to 25 4 this invention wll

be nore clearly understood fromthe followi ng detail ed description taken in
conj unction wittil yiehenaiue abprnyw degsetbawimgsod to form low resistance gate contacts in a

MOSFET device on a semiconductor substrate.

10 Another objective of the invention is to describe a MOSTET device with low resistance

gate,

In accordance with these objectives, a CMOS RF device and a method to fabricate said

device with low gate contact resistance are described. Conventional MOS transistor is first

15 formed with isolation regions, gate structure, sidewall spacers, and implanted source/drain
regions. An oxide layer like TEOS is deposited, planarized with chemical mechanical polishing
(CMP) to expose the gate. Silicon nitride is then deposited and planarized with CMP, and then
etched except around the gates using a gate poly-silicon oversize mask. Inter-fevel dielectric
mask is then deposited; contact holes etched; and contact metal deposited to form the transistor.

20  The resulting device structure achieves significantly reduced gate resistance.
BRIEF DESCRIPTION OF THE DRAWINGS

The objects, advantages, and details of fabricating a semiconductor device according to
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5 Figure | is a cross-section of a MOSFET devi ce show ng isol ation
trenches, gate structure, sidewall passivation, and |lightly and heavily
doped source/drain regions. Figure 2 is a cross-section of the MOSFET
device after depositing a dielectric layer, planarization,¥datl BE dip. 10
Figure 3 is a cross-section of the MOSFET device after depositing a nitride
| ayer and planarization. Figure 4 is a cross-section of the MOSFET device
_after form ng oversize nmask over gate 15 poly-silicon. Figure 5is a
cross-section of the MOSFET device after etching the nitride and mask

.removal . .20.Fj qure i - ' the FET .device show .
nter -1 vl e eyl b8 e bRAT BRRLAR B i LR R e hsa
deposited. 25 5 0. QFTAILED DESCRI PTI ON OF THE | NVENTI ON The i nvention
process BEYFALRYIR PEAHOAD2RYHE di28¢885i ¢ | ayer over a MOSFET device 5
known in prior art. Said MOSFET device 10, with its conponents - filled
isolation trenches 12, gate structure 14 with gate poly-silicon 15,

si dewal | passivation 16, source/drain regions 18 wth lightly doped 20 and
heavi Py dopedF22re dgisoascressompiiann oFiagMQSFET Bericsishgivingi isglationltgnehes.c patanel
part of the CMOS device forned in a p-type silicon substrate 24 is shown.
Said structure, sidewall passivation, and lightly and heavily doped source/drain regions.

Figure 2 is a cross-section of the MOSFET device after depositing a dielectric layer,
planarization, and HF dip.
10
Figure 3 is a cross-section of the MOSFET device after depositing a nitride layer and

planarization.

Figure 4 is a cross-section of the MOSFET device after forming oversize mask over gate

15 poly-silicon.

Figure 5 is a cross-section of the MOSFET device after etching the nitride and mask

removal.

20 Figure 6 is a cross-section of the MOSFET device showing inter-level dielectric layer

with contact holes etched and contact metal deposited.
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structure could be formed in a p-tub formed in n-type silicon substrate or
an MOS device. 10 A dielectric layer 26, with a thickness of approxinmtely
bet ween about 2000 A and 5000 A, conprising silicon dioxidej nktrixdized
silicon dioxide, silicon oxy-fluoride (SiOF or FSG, s
tetra-ethyl-ortho-silicate (TEOCS) is deposited using | ow pressure (LP) or
pl asma- enhanced (PE) chem cal vapor deposition (CVD) nmethods known in
_prior art. Since the filmis conformally 15 deposited, the filmcovers the
gate structures conpletely. The overburden is then planarized using a

. method conpri sing p'as”BE?AQB&?%@%C%H@#E&QQﬂﬁﬁﬁﬁﬁkvﬁﬁﬁ?@ﬁniCa' pol i shi ng.

Pl anari zation is done so as to expose the gate structures. The planari zed
wafer is subjected to a brief dilute HF dip so as to recess the oxide

| ayer slightly below the gate structure, as shown in Figure 2. Anmount of
step below th ate l.evel is approximtely between 500 A and .. 20
depand: ng. upoEaE v RineeS SRR R BTy Jter o lear Oxior MOSHE hideFetie

| ayer 28, with a_thickness of approxinmately between about 1000 A and 2000
A i s5delBRyE BUPTSiio iRl M@S&Eap «%vwro-. WEA Ticompepptsor fidaddpelpiikirenshesdlds |
to expose the gate structure as shown in Figure 3. Although the preferred
filmis siteistosiurd 14 wid, gatst pdy-silicond S, 98e@alt papsiveEom §6,0xseyess/ Baipedgisid 1&on
nitride, silicon oxy-nitride can alternatively be used. An oversize

phot o- r esiithtlighd s kdoB& 2tsndshawity dopdd 2uregiods shavif o Frepde dv dfortsheplitityuedivme of
5 Fig. 3, such that only the nitride around the gate structure is

preser veeghanhklt partieffthd NGBS i vk Gbafed &l aci-typel WidHChbithad 28tiehhsgnstoHE on

the under-lying oxide film using a plasna etching process known in prior
art. ThesgglaetbVe b8& A% PhAGERIMYS &Sn-Bpdisiichi Substrate or an MOS device.
10
A dielectric layer 26, with a thickness of approximately between about 2000 °A and 5000
°A, comprising silicon dioxide, nitridized silicon dioxide, silicon oxy-fluoride (SiOF or FSG),
tetra-ethyl-ortho-silicate (TEOS) is deposited using low pressure (LP) or plasma-enhanced (PE)
chemical vapor deposition (CVD) methods known in prior art.  Since the film is conformally
15 deposited, the film covers the gate structures completely. The overburden is then planarized
using a method comprising plasma etch back and/or chemical maechanical polishing.
Planarization is done so as to expose the gate structures. The planarized wafer is subjected to a
brief dilute HF dip so as to recess the oxide layer slightly below the gate structure, as shown in

Figure 2. Amount of step below the gate level is approximately between 500 A and 1000 A,

20  depending upon the thickness of gate poly-silicon used.

A silicon nitride layer 28, with a thickness of approximately between about 1000 “A and
2000 °A, is deposited conformally and planarized with CMP or etch back methods, to expose the
gate structure as shown in Figure 3. Although the preferred film is silicon nitride, other films
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of hal ogen containing gases (e.g. F, d, or Br) at |ow ion bonbardnent
energy typically less than 10 about 100 eV. The resulting structure after
removing said resist mask is shown in Figure 5. Figure 6 shows the

conpl eted device after the inter-level dielectric film 3@ isudgpesited;

contact holes 32 are etched; and contact netal 34 deposited using processes
known in prior art. Said inter-level dielectric film wth thickness
approxi mately between 8, 000 A and 15,000 A, 15 conprises TEGCS,
borosilicate glass (BSG and/or phosphorous silicate glass (PSG, deposited

. using LP g : L NRLLQr. ALt - nitride film
surr oundl‘(’:(\ﬁ{gl?p @%ﬁ%&g@ @eg;%ﬂglé B swggé’g l%hﬁ g’t(yo%wcljdue rﬁgﬁga ﬁ%@gﬁ%%i)%:%gﬁ?'act hol e

over the gate structure, preserving the sidewall spacers 16. 20 The

advant ages of this invention over prior art are: a) |ow resistance

poly-silicon gate in a MOSFET structure, b).inproved high freguency noise
per f or mance i ANANCIRIZS BIPIS-TaEY Besk ) 28 SRyt indagere;4a ¢y B59ed Pﬁefgh%‘FHﬁHm of
oscillation frequency and unit power gain frequency, d) reduced RC gate
del ayd 25FE. jaReh thaoninthetnitrisle arainddiey dage structupe iswrdsodedf forming a gate
contact in a MOSFET device, the steps conprising: 5 formng a first
dielectric layer on a substrate, having oxide-filled isolation trenches,
gate structure, sidewall passivation around gate, source and drain with
l'ightly and heasild fiintlopétetchie@glendicly such that etching stops on the under-lying oxide film,
using a plasma etching process known in prior art. The selective etching process uses a mixture
of halogen containing gases (e.g. F, Cl, or Br) at low ion bombardment energy typically Iess than

10 about 100 eV. The resulting structure after removing said resist mask is shown in Figure 5.

Figure 6 shows the completed device after the inter-level dielectric film 30 is deposited;
contact holes 32 are etched; and contact metal 34 deposited using processes known in prior art.
Said inter-level dielectric film, with thickness approximately between 8, 000 °A and 15,000 °A,
15 comprises TEOS, borosilicate glass (BSG) and/or phosphorous silicate glass (PSG), deposited
using LPCVD or PECVD method known in prior art. Un-etched nitride film surrounding the gate
area acts as etch-stop during etching contact hole over the gate structure, preserving the sidewall

spacers 0.

20 The advantages of this invention over prior art are:

a} low resistance poly-silicon gate in a MOSFET structure,

b) improved high frequency noise performance in an RF CMOS device,

¢) significant increase in maximum oscillation frequency and unit power gain frequency,
d) reduced RC gate delay
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pl anarizing said first dielectric layer and recessing said first dielectric
| ayer below the Ilevel of said gate structure; 10 form ng %, econd
dielectric etch stop layer over said first dielectric |ayer;s fpliaddii zi ng
-said second dielectric layer in level with the gate structure; pattern said
second dielectric layer, using oversize gate mask to | eave said second
dielectric layer around said gate structure; and formng electrical gate
contact steps conprising: formng an inter-level dielectric |ayer 15 over
partially fo%Y d, FET.devi ce; patterning contact holes to source drain
regi ons, pat FiSYmed it act hole to gate stopping on said second
dielectric layer; formng planarized netal patterns in and over said
contact holes. 2. The nmethod of formng a gate contact in a MOSFET device
according to claiml 20 wherein, said first dielectric |ayer conprises
silicon di oxidé methed piiforeihgsi datcomntadi wvd MOSFSIT deORB, the¥tépd ddihlsfg: and/or
tetraethylorthosilicate. 3. The nmethod of formng a gate contact I'n a
MOSFET devi cérmipor flisodictedtri) BidNod a Whehak oGy e ' ic.layer

t hi ckness i s approxi mately bet&een about fglgggﬂ,ﬁqﬁldc? %l eﬁkﬁgﬁ%{r@%ﬁs’%&m
MAR? 0 OUktruchfrt eid AN ghdsAatid e £ Qri » ate contact in a
MOSFET devi ce accord?ng toé)rglglgfiufr%d Ig-g&S S%?%ﬁ%%@és}‘cﬁ'm ihgl%t?y gp%ﬁgﬁ‘f‘&i Redyer
is planghikgd wWith steps conprising plasma etch back and/or chem cal

mechani cal pol i shing.

planarizing said first dielectric layer and recessing said first dielectric layer below the
level of said gate structure;
10 forming a second dielectric etch stop layer over said first dieleciric iayer;
planarizing said second dielectric layer in level with the gate structure;
pattern said second dielectric layer, using oversize gate mask to leave said second
dielectric layer around said gate structure; and
forming electrical gate contact steps comprising: forming an inter-level dielectric layer
15 over partially formed MOSFET device; patterning contact holes to source drain fegions,

patterning contact hole to gate stopping on said second diclectric layer; forming planarized metal

patterns in and over said contact holes.

2. The method of forming a gate contact in a MOSFET device according to claim 1
20 wherein, said first dielectric layer comprises silicon dioxide, nitridized silicon dioxide, silicon

oxy-fluoride, and/or tetracthylorthosilicate.

3. The method of forming a gate contact in a MOSFET device according to claim 2

wherein said first dielectric layer thickness is approximately between about 1000 °A and 3000 °A
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- 5. The nethod of formng a gate contact in a MOSFET device according to
claiml wherein, said first dielectric layer is recessed approximtely

bet ween about 500 A and 1000 A. 10 6. The nethod of forn?}gﬁfigwge cont act
in a MOSFET device according to claiml| wherein, said secondAdi@léctric
etch-stop | ayer conprises silicon nitride, oxygen doped silicon nitride,
and/or silicon oxy-nitride. 15 7. The nethod of form ng a gate contact in a
MOSFET devi ce according to claim6 wherein, said second dielectric
etch-stop | ayer thickness is approxi mately between about 500 A and 1000 A
af t er pR&HAAEEGLER- process. 8. The nethod of forning a gate contact in a
MOSFET device according to claiml1l 20 wherein, said second dielectric etch
stop layer is planarized with steps conprising plasma etch back and/ or
chem cal nechani cal polishing. 9. The nethod of form ng a gate contact in a
MOSFET devi cé dteandhajof orelied mghte vhieiceiina MOISTRT M@ ce! £YSHiHH £ ag&ghc

| ayer conprises tetraethylorthosilicate, borosilicate glass and/ 2 +i
Ul 19 Awhereih, 60d Ré eSO ofers Shid i@l : isi form ng a
gate contact in a MOSFET de\yi@ ce Igccéi?g(ig ﬁléﬂt%éjglcgl %ngﬁ@%iz{,\éﬁ%tk g&n@%‘aﬁ“&"”

inter-|gﬁﬁhuﬂ5ﬁ£§£ﬁ&ﬁﬁmkﬂ%ﬁr t hi ckness is approxi mately between about 8, 000
A and 15,000 A

5. The method of forming a gate contact in a MOSFET device according to claim 1

wherein, said first dielectric layer is recessed approximately between about 500 °A and 1000 °A.

10
6. The method of forming a gate contact in a MOSFET device according to claim 1
wherein, said second dielectric etch-stop layer comprises silicon nitride, oxygen doped silicon
nitride, and/or silicon oxy-nitride.
15 7. The method of forming a gate contact in a MOSFET device according to claim 6

wherein, said second dielectric etch-stop layer thickness is approximately between about 500 °A

and 1000 °A after planarization process.

8. The method of forming a gate contact in a MOSFET device according to claim 1
20 wherein, said second dielectric etch stop layer is planarized with steps comprising plasma etch

back and/or chemical mechanical polishing,

9. The method of forming a gate contact in a MOSFET device according to claim 1

wherein, said inter-level dielectric layer comprises tetracthylorthosilicate, borosilicate glass and/
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11. A nmethod of formng a poly-silicon gate contact in a MOSFET device, the
steps conprising: 10 formng a silicon dioxide |layer on a silicon
substrate having oxide-filled isolation trenches, gate sggugLufngsidemall

passi vation around gate, source and drain with lightly and* hWeavily doped

regions; planarizing said silicon dioxide |ayer and recessing said silicon
di oxi de | ayer below the I|evel of said poly-silicon gate structure; 15 -
forming a silicon nitride etch stop | ayer over said silicon dioxide |ayer;
pl anarizing said sjlicon nitride etch stop layer in level with the gate

st r uct UN@hosphetaus silieaif 812851 i con nitride etch stop |ayer, using oversize
poly-silicon gate mask to leave said silicon nitride |ayer around said
poly-silicon gate structure; and form ng electrical poly-silicon gate
contact steps conprising: formng an inter-level 20 dielectric |ayer over
partially formddie MRSKETo&vinge, 2 gattentacng € dHOAEET hielies atardiag e elhad n
regi ons, patterning contact hole to poly-silicon gate stopping on said

si | isconwidréin] €6d Bitehesd dRlcctrtyigyer thioknBs G dp#;ﬁﬁ%ﬁtél@'daeﬁ%eﬂ'abﬁaﬂ $,600"5A bRy and
over said contact holes. 12. The nmethod of formng a poly-silicon gate
cont acty4,apo2aAMOSFET device according to 25 10 claim 11 wherein, said

post - pl anari zed silicon dioxide |ayer thickness is approximtely between
about 1000 A and 3000 A. 5 13. The nmethod of formng a poly-silicon gate
contact in a MOSFET device according to claim 11l wherein, said silicon

dioxide Tayer .8 3N £28ind & Do FRSn RIPLIRANYn R AR GLiBEHe steps
comprising:

10 forming a silicon dioxide layer on a silicon substrate having oxide-filled isolation
trenches, gate structure, sidewall passivation around gate, source and drain with lightly and
heavily doped regions;

planarizing said silicon dioxide layer and recessing said silicon dioxide layer below the
level of said poly-silicon gate structure;

15 forming a silicon nitride etch stop layer over said silicon dioxide layer;

planarizing said silicon nitride etch stop layer in level with the gate structure;

pattern said silicon nitride etch stop layer, using oversize poly-silicon gate mask to leave
said silicon nitride layer around said poly-silicon gate structure; and

forming electrical poly-silicon gate contact steps comprising: forming an inter-level

20  dielectric layer over partially formed MOSFET device; patterning contact holes to source drain
regions, patterning contact hole to poly-silicon gate stopping on said silicon nitride etch stop

layer; forming planarized metal patterns in and over said contact holes.

12. The method of forming a poly-silicon gate contact in a MOSFET device according to
25
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and/ or chem cal nechani cal polishing. 14. The nethod of formng a
poly-silicon gate contact in a MOSFET device according to 10 claim 11
wherein, said silicon dioxide |ayer is recessed approximtely between about
500 A and 1000  A. 15. The nethod of forming a poly-silico’ ghtlesgontact in
a MOSFET device according to claim 11l wherein, said silicon nitride |ayer
t hi ckness is approxi mately between about 500 A 15 and 1000 A after
pl anari zation process. 16. The nethod of formng a poly-silicon gate
contact in MOSEET devi ce according to .claim1l wherein, said silicon
ni t ri d&amyldrVieeiny RibpysselnghteH Sétcgbsd*%%p@mi GRS RPEPERAERCRC e/ or
chem cal nechapical polishing. 20 25 11

about 1000 "A and 3000 “A.

5 13. The method of forming a poly-silicon gate contact in a MOSFET device aceording to
claim 11 wherein, said silicon dioxide layer is planarized with steps comprising plasma etch back

and/or chemical mechanical polishing.

14. The method of forming a poly-silicon gate contact in a MOSFET device according to
10 claim 11 wherein, said silicon dioxide layer is recessed approximately between about 500 °A and

1000 °A.

15. The method of forming a poly-silicon gate contact in a MOSFET device according to
claim 11 wherein, said silicon nitride layer thickness is approximately between about 500 A

15  and 1000 °A after planarization process.

16. The method of forming a poly-silicon gate contact in a MOSFET device according to
claim 11 wherein, said silicon nitride layer is planarized with steps comprising plasma etch back
and/or chemical mechanical polishing.

20

25
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