;[\ e3eDA\. 6T/ 6#A METHOD OF MAKI NG DI RECT CONTACT ON GATE 5 BY USI NG

Dl ELECTRI C STOP LAYER BACKGROUND OF THE | NVENTION 10 (1) FIELD OF THE

| NVENTI ON The present invention relates generally to a nethod of formng a
sem conductor device, and nore particularly to form |l ow resi stance 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

t el e-comuni cation 20 devices. The reasons for this are: |ow fabrication

cost of CMOS devi ces £omEHOD GPMARING DIRAEINCOSEACH gl Tiand GaAs
integrated circuits (1C), easy integration of anal og and digital

conponents, and fundanent a'B?Wﬂ@Q?&E@Tl@I@ﬁWEM’ nam c range when a
frequency mxer is required in specific applications. Furthernore, the

cut-of f frequency of small geonetry MOSFET has becone conparable to that of
advanced bipolar transistors. In addition, mninmm25 noise figure (NFm n)

has al so i nproved in the subm i r reasons, CMOS devi ces
will be increasingly used i %%@ﬁg%ﬁﬁ@ﬁ*ﬁﬂﬁﬁg case of

hi gh-%equency anal og MOSFET's, while high trans-conductance is inpor- 1

t ant r high cut-off frequency and | ow noise characteristic, |ow gate
resistance is essential for reducing thernmal noise. In advanced device

desi gns enabl &d) BYERR\RMEEE INYENJOBEs t echnol ogi es, nini num feature sizes
are continually decreasing. As a result, channel lengths in 5 FET devices
and thereby gate el ectrode wi dths have significantly decreased. One nmjor
probl em associated with narrow gate electrode is its high electrical sheet
resi stance whiElie prageat invettivn dkwisgengelly ar aardnd dBdueiial anehhodsudavrvizeen
proposed and used in prior art for reducing gate resistance. One nethod iIs
t o di vi deaddigorgahgicaladlo té e 1bWireisae bak cah@s il IRSTEMd/fteeach finger
havi ng provided with a contact hole, thereby increasing the total gate
contagg area. Another 10 nethod is to use netal silicide contacts such as
titanium tungsten, or cobalt silicides or netal gates. The present

i nvention pro PHBR reduci ng gate contact resistance
by directly C(%?%%@ir (ZN% e pol gegﬁ |£on with the contact netal. U S
Patent No. 5, 73l,239 describes a nethod for naking | ow sheet resistance sub
| S quarter mcroneter gate electrode in FET devices. The nethod invol ves
first patterni the gate froma doped poly-silicon_layer. After formn

the si dewal | sﬂ%&%g%g %ﬁa ‘%%E?FE@/‘BF&’EW“C AtPREYblF M8g B%QN{@S ompligsAtar: m§talt he
insul ating | ayer is chem_.cally nechanicall olished to the silicon nitride
on the gatddehiliean gifsuitsainsRE applicationsat ﬁhP&q 7. iFpttaAt Bobibs t4lecetomenigatibng
titaniumsilicide is selectively forned on the gate el ectrodes resulting in
snal | 24 adqyicsp.z eldeagasone deichds 28: slesefabriestiont cost of CMIOS rdesices edrypared b kite
silicide can also be fornmed on gate electrode to reduce the gate

resi st anceurently 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  noise 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-



U S. Patent No. 6,010, 945 describes a nethod to forma "nushroom shaped”
gate structure that increases the top gate silicide contact area and

i nproves the salicidation process. 25 2 The upper gate extensions
increase the top gate surface area so that silicide gate contacts will have
low resistivity. 5 U S. Patent No. 6,271,087 Bl describes a nethod for
formng self aligned contacts and | ocal interconnects. Milti-I|ayer
structures are fornmed on a sem conductor substrate; sidewall spacers are
formed around the nulti-layer structures; source and drain regions are

formed; atsat Gp Higyen-ofSiréfrasi iridioomeisd darstehistid, 36w ghf lefvBikellY cbdftial for
deposition of a dielectric |layer over said stop layer. A first photo-resist

contact ngesllicihg MeRchl t fbigl chit %H_@azﬁ_@d‘t(fég'ﬁceaﬂgié?ﬁr Em‘f‘erda'byl 8&3hcetOin process
i nt erconnect openings. After stripping the first nmask, a second contact
mask is f : | = r t f .

S o Bl B il YT LSRN0 Sl LOUTL B8

i nt erconnect openings. Al renmovi ng t I've

d if{ed . i.el ectric.l in the. d i ph I

oo e Rk AR, LB MBS Ny BR80T o oo
ducti fi.l wh t.in the core contact and | ocal | . .

ey oGRS RS S Bhod ek 3D 8 e s i i

of forning ESD protective transistor. This is done by ion inplantation into
the drai ndQOFRREEOIRYICE: Iverahmetagrs pavetheen prpgosed #rd usdon prighatt &riedusing gate
contact hole is fabricated sinultaneously with gate contact holes of the

f undamrent egsistapem §Instagthethig te Hividehe gatotebestrpdecinta seveiiak pase finBot,hwidf eachdinger
transi stors have a 20 respective netal silicide |layer to cap the

pol y- si | i bioing prpeidet ovigr econtacipleriettheebp ncodasip thondali gt cpahot-a¢d. | Aaodther
while inplanting into the contact holes. 25 3 SUMVARY COF THE | NVENTI ON

Accor il nghnythotl lie toedenmerhj sititid® torithts sich @ nitrin] Sinffer] @ cobdesiaciodt Hode@f
formng a 5 MOSFET device with | ow resistance gate on a sem conduct or

substrat egatbd. THe Y&enGAGINESH pRI&S lanlaleiR GhdthR & rBRICHYatOcdniciek@Mhce by
resistance gate contacts in a FET device on a sem conductor substrat €.

O Anot heirlfly e6khtfgthe EREpIIDNAIbh Wi {dhedlefal De @ MOSTET devi ce with

| ow resi stancé gate. ance with these objectives, a CMOS RF device
and a nethod to fabricate said device with | ow gate contact resistance are
descri bed. Conventional MOS transistor is first i 5 formed with isolation

regions, gate gy URLA fuo. % P8 aBIE"S msh FTPHAINE Jow GG 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 vﬁth 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 area and improves the salicidation process.
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regions. An oxide |ayer like TECS is deposited, planarized wth chem cal
mechani cal polishing (CMP) to expose the gate. Silicon nitride is then
deposited and planarized with CVWP, and then etched except around the gates
using a gate poly-silicon oversize mask. Inter-level dielectric mask is

t hen deposited; contact holes etched; and contact netal deposited to form
the transistor. 20 The resulting device structure achieves significantly
reduced gate resistance. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect s,
advant ages, and details of fabricating a sem conductor device according to

25 4t hiTBe upyee aie0kidMsiohs RRrdiBE theClof FhleYsuRElessh Q8 that SO deNgitd Sk Rl
detail ed description taken in conjunction with the acconpanying draw ngs.

Figure 1 hsvedohir@pstivitgction of a MOSFET device showi ng isolation 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, and HF dip. 10 Figure 3

and planari zat Pon ey bPes 4T RT;nl BiERelh e oR* R itiieabeag Fusd it
R N Rt P o U [ ey
renoval. 20 Figure 6 |s a cross-section of the MOSFET devi ce showi n
i nt er - | evEMAces aredermedarpyifdhe multlayehitmeturdso pakcesandiszin spgionsie faemedet Bop
deposited. 25 5
layer is deposited over the substrate followed by the deposition 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. Afier 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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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The i nvention process begins with
formng a dielectric |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, sidewall passivation 16,
source/drain regions 18 wth lightly doped 20 and heavily doped 22 regi ons
shown in Figure 1. For sinplicity, only nchannel part of the CMOS device
formed in a p-type silicon substrate 24 is shown. Said structure could be
formed in a p-tub fornmed in n-type silicon substrate or an MOS device. 10 A
dielectric layer 26, with a t$ipikngRy ©Ff TABANOHENTEOA Y bet ween about 2000 A
and 5000 A, conprising silicon dioxide, nitridized silicon dioxide, silicon
oxy-fluoride (SiOF or FSG, tetra-ethyl-ortho-silicate (TEQCS) is deposited
using | ow pressure (LP) or plasnma-enhanced (PE) chem cal vapor deposition
(CVD) net hods i o] . i . F1l.m i r I .
K?@anlgvme Iﬂ&ﬁgigbgect I &S 11'19&%‘&1]2),1 1%(%31{:%?1@}: ;%1 hiod 0%%0%1';15&1

deposited, the ers t ate structures e over

is th ized. usi: t hod i sing pl tch back and/
chem ool " MO Fst P By BeiR TR S nt SHREEE 220" 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. Amunt of step below the gate |evel is approxinmately between
500 A and | 0001t AS yelorngHse Raicrigtoudsseritene metiodiiadern dgw gesistanse | gptesiontagisnin a
used. A silicon nitride layer 28, with a thickness of approxi mately between
about | 0OMOSHEFaderdBEnA seingcoddybei subdrattonf or mal |y and pl anari zed with CWP
or etch back nmethods, to expose the gate structure as shown in Figure 3.

Al t hough the preferred filmis silicon nitride, other filns 25 6

conpri sing oxygen doped silicon nitride, silicon oxy-nitride can

al terpativel y hgothseshijeciNe 0F teShitiph ¢ ©-desGibeta MESK FI0deva® Wil W teBisfah&d!r €
4, is formed over the structure of 5 Fig. 3, such that only the nitride
around thgggate structure is preserved. Nitride film28 is etched

sel ectively such that etching stops on the under-lying oxide film using a
pl asma etching process known in prior art. The selective etching process
uses a m xture of hal ogen containing gases (e.g. F, Cl, or Br) at low ion
bonbar dnment engr ically |less than 100 eV, The resultin .
structure aft elr?1 ar%é(r?r%éﬂpcr? g‘%éha% it é" chg}tvesrrﬁl;@\@olg‘ﬁ SR Angp &?ﬁé‘)dstp L{Jﬁl?rbcﬁ&esaéd
shows thedconplehﬁd device after. the inter-leyel dielectrjc film30 js
deposi t ed S VLR 1OW Fal% CyBach resigpneg Age dgRrgibeEd n ooy eHang] Gapdder st
usinghgro ess;s known in prior art. Said inter-level dielectric film wth
t hi ckhessioaBed JxithatolatipnpegipBengate stbgu. skigwvell waerrs, antsireriegied sewcedrg)
borosilicate glass (BSG and/or phosphorous silicate glass (PSG, deposited
usi ng LPO¥BIons. PEOuDlentaydsdide KEsinisidepgsited rplanatizednitle thenaicel machamderl pplishing
surrounding the gate area acts as etch-stop during etching contact hole
over the (aVIB) &t exposeuthe gafer Sslénonindtgide hethen dewaitéd and planarized with CMP, and then

etched except around the gates using a gate poly-silicon oversize mask. Inter-level 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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spacers 16. 20 The advantages of this invention over prior art are: a) |ow
resi stance poly-silicon gate in a MOSFET structure, b) inproved high
frequency noi se performance in an RF CMOS device, c¢) significant increase
in maxi mum oscillation frequency and unit power gain frequency, d) reduced
RC gate delay 25 7 What is clained is: 1. A nmethod of formng 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

lightly auts heatichywiteadofeaddaelySindpls@idalfior i féﬂb\ﬁiﬂ%ideﬁileéi idedcBptiod GkbRYET
and recessing said first dielectric |ayer below the [evel of said gate

structuregg ,g,ctigﬁmitﬁ%@acg%pﬂgi@c%@ﬁgg_i c etch stop layer over said first
dielectric layer; planarizing'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 fofm ng elgctrical gate contact. st ri.sing: .formng an
inter-1evel di CERGH IS T AyerSEEoR s & MPSFER| Ve, HBy Rbdrst g isnches, gate
patterning contaci hgoles, tq source drain regions, patterning contact hole
to gate s%ﬁﬁﬁFﬁé‘ e QP%“?H@%ﬁHdgg@%@%ﬂreéwgh d seusPSidra teEiasar | zed net a
patterns in and over said contact holes. 2. The method of formng a gate
contact in a MOSFET device according to claim1 20 wherein, said first
dielectric |ayer conprises silicon dioxide, nitridized silicon dioxide,
silicon Figure 2 is a cross-section of the MOSFET device afier 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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oxy-fluoride, and/or tetraethylorthosilicate. 3. The nethod of forming a
gate contact in a MOSFET device according to claim2 wherein said first
dielectric layer thickness is approxi mately between about 1000 A and 3000 A
25 8 after planarization. 4. The method of forming a gate contact in a
MOSFET devi ce according to'claim1 5 wherein, said first dielectric layer
is planarized with steps conprising plasma etch back and/or chem cal
mechani cal polishing. 5. The nethod of forming a gate contact in a MOSFET
device according to claim1 wherein, said first dielectric layer is

recessed approxi mately bEEM@HﬂHﬁDESCR@QﬂCﬁJ@FQTh@ﬁ@VéNTRﬁN6 The nethod of
formng a gate contact in a MOSFET device according to claim1l wherein,

sai d second dielectric etch-stop |ayer conprises silicon nitride, oxygen
doped silicon nitride, and/or silicon oxy-nitride. 15 7. The method of

formng a gate Yap=Tel % in ()cla i,n,.
sai d sgcong di & é(:a)ct Fi E:(mle c 8t ogﬁgzﬁ/@r }‘ot(E %gses'acitrciJc appr 8‘5(‘?%&%9%%
Form rd <AL BRY duy sPi HORRER AR g 3o BE e e o Tled m s aass dn,
ol s ot B U Bt GHEALEP L i el BT gl SoTise it RS 18
formng a gate contact in a MIXSFET device accordin o claim1 wherein,

sai d intely ﬁé\géﬂy drradedd andchepyi{pedoned B rrrgiers Ql@wae%@r@ﬂt Hios simpdisite, only n-

borosilicate glass and/ 25 .
channel part of the CMOS device formed in a p-type silicon substrate 24 is shown. Said

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 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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9 or phosphorous silicate glass. 10. The nethod of form ng a gate contact
in a MOSFET device according to claim9 5 wherein, said inter-1|eve
dielectric layer thickness is approximtely between about 8,000 A and
5,000 A. 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 structure,

si dewal | passivation around gate, source and drain with lightly and heavily
doped regions; planarizing said silicon dioxide |layer and recessing said

si licon disnpribend @yeén Bsle@ilichenit@ieekiliodn S3LsltriRlcin sidrhARBVIRLBe Bt r UCt Ur €]
15 formng a silicon nitride etch stop | ayer over said silicon dioxide

| ayer; planarizing said silicon nitride etch stop layer in level with the
gate structure; pattern said silicon nitride etch stop |ayer, using

oversi ze pol y- ﬁh |0iv88ﬁe %ﬂ&t%—rgﬁ&lﬂnésiz 3'062%/ %‘Pﬁ’l@r{g FZ#LIrE 9o fp)i'rﬁ%f-ot?\%r ltha SthucQikd § g

said poly-silicon gate'structure; and ecttica y-sil1con g

contact ste c rjisi,ng: formn inter-level 20 dielectric |ayer over
partia%lyggﬁgﬁ%ggﬁfgﬁﬁ*gﬁéV?@g?K%B$B§£ﬁ%ﬁ8u1Bﬁ?§8F5ﬂ3? s to source drain
regi ons, patterning contact hole to poly-silicon gate stopping on said

silicon nitride etch stop layer; formng planarized netal patterns in and

over said contact holes. 12. The nethod of form ng a poly-silicon gate
contact in a M¥SHETIiRYY setehed selentivglytsyclphangching 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 less 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 16.

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

25



claim 11l wherein, said post-planarized silicon dioxide |ayer thickness is
approxi mately between about 1000 A and 3000 A. 5 13. The nethod of form ng
a poly-silicon gate contact in a MOSFET device according to claim 11
wherein, said silicon dioxide |layer is planarized with steps conprising

pl asma etch back and/ or chem cal mechanical polishing. 14. The net hod of
formng a poly-silicon gate contact in a MOSFET device according to 10
claim 1l wherein, said silicon dioxide |layer is recessed approxi mately

bet ween about 500 A and 1000 A. 15. The nmethod of form ng a poly-silicon
gate contact iwgwat MBhEdg device according to claim1l wherein, said silicon
nitride |ayer thickness Is approxi mately between about 500 A 15 and 1000 A
after planarization process. 16. The nethod of formng a poly-silicon gate
contact in a MOSFET device according to claim 11l wherein, said silicon

nitride layer |s,plapnarized with steps conprj si |l.asma et ch back and/ or
cheni cal mechahi é&?gﬁ%{‘?@ﬁ’f%g aﬁﬁtef‘?gtaﬁ lﬂ&@%ﬁrgg?‘ﬂ‘éﬁ SerStRpe GPBPEEA®I i si ng:
a senigonducto substéatg_kgvjng devi ce el ements conprising oxide-filled
i sol at? on t r entoFBYE gyHtshdistertiict fyes on & sybsieats, hawas pyideifidled dsodation tigathss, gate
source and drain with lightly and heavily doped regions; 25 11 first
di el ect ri &rychifer sideyeall passiyaiemproundl gateopousehand dadn vabchghdlydirel eyily clopédh
stop layer over said first dielectric |ayer and around said gate
regions;
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 dielectric layer;
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 regions,

patterning contact hole to gate stopping on said second dielectric 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 tetraethylorthosilicate.

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

25



structure; 5 inter-level dielectric |ayer over said MOSFET device
structure; and netal line, formng an electrical contacting with said gate.
18. A MOSFET device structure according to claim 17 wherein, said first
dielectric |ayer conprises silicon dioxide, nitridized silicon dioxide,
silicon oxy-fluoride, and/or tetraethyl-ortho 10 silicate. 19. The MOSFET
devi ce structure according to claim17 wherein, said first dielectric |ayer
t hi ckness i s approxi mately between about 000 A and 3000 A. 15 20. The
MOSFET devi ce structure according to claim17 wherein, said second
dielectrigﬁ@?ﬁgmghggnlayer conprises silicon nitride, oxygen doped silicon
nitride, and/or silicon oxy-nitride. 21. The MOSFET device structure
according to claim 17 wherein, said second dielectric etch-stop |ayer

t hi ckness i s approxi mately betmeen about 500 A and 1000 A after

| anari zation 20 .proc The MOSFET devi c re according to
(F:) | ai m Il% wlher e%n ﬁ' %ﬁ?%f)éforfné%f‘ gicctontact ?%a%ﬁ@é#ﬁf légqgﬁ@ggorqhglg 10 claim 1

approxgnat% qout , 000 A and |5,000 A 25 12

. A9y. A A9V %mAﬁalV\gﬁiStﬁg elegiric r ﬁ amqu\wt 1P cqnprlgmg plasma etch back and/or
#& */ H} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
]ca]ca]caFEﬁ]%ﬁPEﬁ#%%ﬁ%ﬂ?éﬁP@h]ca]ca]calH gwT

#([ %R} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! J!! U#l $o$t $$$%9%0 &&&J" '
(1(())5)m\*_*d*x**(++++,Y,,}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] c&] Gipondtba] offajinna) gakcmhea] mh 0aDSRETakviBh Gadordihg 10 @him- 1
/hV//OOOI000>1111R2w22*38333414444}xrnhcAY]ca]ca]ca]ca]caLﬂca]ca%ca]ca]ca]c

a] ca] ca] cafhaa;ngailaa}scaﬂereaﬂr;z;aal}fea}scla&eg@adca@bfoa]rﬁah%b@@deﬁa&mkwi&a&&%@iﬁﬁ
6+6666R7} 778{889{99% {: ~

; D<<fr<}xsnid_ Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]

Q{“S&féﬁfé‘ﬁ?ﬁfﬁ??%%‘%ﬂlca%c heshelsakealesl GelomepLs ol Ll

’?’?’?’?’?

AHA{ A Eﬁﬁ‘ﬂcﬁ%ﬁf""“ gdb‘i]%t“c Fiehion laxs sorpspesayiksranittdeaposer dpred dligem) ¢
ajcalcalc cal ca a]ca]ca]ca]ca]ca]]ca]ca*ng+|K—le%&()
109%&' () - %'}g %‘Ba‘ll’ c% %’ &éﬁ’ L @ 10% () -
910%' ()-+. g (i J+1&10%& () - (#10%&' () Py&MAO%&' () - s$#10%& ()-P" 10%& () -
&10%&' ()-109& ()- (" 1 @.&10% %0%l& ()-m, %40%?& ()-m 10 10 10; VI0%& ()- Y7
109%& ](3 - 0310%&' (1)

he 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 tetraethylorthosilicate, borosilicate glass and/
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10%& g )-§ Qr(gﬂl&ls 121 1r1ter eve d@lec;%r}cp Zgégfl t‘n?cknes%?s(@p%lro Imatelj)?ob tweeQabout 8,000 °A and

15,000 °A.

11. A method of forming a poly-silicon gate contact in a MOSFET device, the 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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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

17. A MOSFET device structure comprising:

a semiconductor substrate having device elements comprising oxide-filled isolation
trenches, gate structure, sidewall passivation around gate, source and drain with lightly and
heavily doped regions;

25
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18. A MOSFET device structure according to claim 17 wherein, said first dielectric layer
comprises silicon dioxide, nitridized silicon dioxide, silicon oxy-fluoride, and/or tetraethyl-ortho-

10  silicate.

19. The MOSFET device structure according to claim 17 wherein, said first dielectric

layer thickness is approximately between about 1000 °A and 3000 °A.

15 20. The MOSFET device structure according to claim 17 wherein, said second dielectric

etch-stop layer comprises silicon nitride, oxygen doped silicon nitride, and/or silicon oxy-nitride.

21. The MOSFET device structure according to claim 17 wherein, said second dielectric
etch-stop layer thickness is approximately between about 500 °A and 1000 °A after planarization

20  process.

22. The MOSFET device structure according to claim 17 wherein, said inter-level

dielectric layer thickness is approximately between about 8,000 °A and 15,000 °A.
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