NOVEL MULTILEVEL METALLI ZATI ON SCHEME W TH HI GH S evesn o
PLANARI ZATI ON DEGREE SPECI FI CATION This

invention broadly relates to a nethod of high planarization fudti-Fével
mefal lization for sem conductor devices. More particularly, this

invention relates to a nethod of the above said kind in which the tracks
of the various netallization |levels are enbedded within the |ayers of
dielectric material separating the various netallization |evels, starting
froma first planar dielectric layer in contact with the substrate of the
device, thereby assuring the continuity, of the tracks and elimnating the
possibility of short circuits between adjacent tracks.

2 It is known that the manufacture of sem conductor devices
conpri ses a chenNOWELPHUL¥$EEVRDSMETADNIDAT FON e$CHEMIS teped durgig Which  the

vari ous conponents of the specjfi Vi manuf actured are
progressively realized and m&!&%“{%&%ﬁn aﬁ)%& a final passivation
operation of the whol e device.

SPECIFICATION

This invention broadly relates to a method of high planarization
muiti-level metallization for semiconductor devices.

More particularly, this invention relates to a method of the
above said kind in which the fracks of the various metallization levels
are embedded within the layers of dielectric material separating the
various metallization levels, starting from a first planar dielectric layer in
contact with the substrate of the device, thereby assuring the continuity
of the tracks and eliminating the possibility of short circuits between

adjacent tracks.



It s also known that the utilization of nulti-level netallizations is
Leven nore increasing in order to satisfy the interconnection as well as
the circuit |ayout devel opnent requirenments of sem conductor electronic
devices, particularly in respect of VLSl (Very Large Scale |Integration) or
ULSI (Utra Large Scale Integration) intégrated circuits. The
multi-level interconnection technique, in fact, allows the high contact
density requested by circuit mniaturization to be obtained, thereby

m ni m zi ng the cross- Al (@pgn iﬁh?rtﬁeern?é}ﬁﬁa&ur}g & Q%Icoﬁ&hﬁb{r dayigbl ers.

In the prior art, a planarization technique of the tirst dielectric |ayer,
in contact with g - rEQg ' | ugi b Such
techni que is basedﬁﬁﬁ%r%s%wrﬁ'%{e on; sgc;%%éfég?%éﬁ %g{%gé[t%orsl %‘T’A,r{gé\?ﬂc@i licon
oxi des, al so kno - 'Pal y et al | de' P PMOD' . usual | doped with

bor on and/ or pho%\?ﬁ”@&s@ ?ﬁﬁ’f’f‘e%ﬁ ﬁlﬁp@qecﬁgrﬂ%@?ﬁ? gg,marﬁéﬁlﬂfégfqrﬁi d. At
first, such PMO is de,%osi ted on the syrface of the device at | qw

tenperat ure and, PERFERNGN§Rfized AndoMiieh is FyminaRby 2 fiRgl Passivation ot her
words, in such a manner as to follow the shape of the basic surface. It is
subsequent | y subpPeeREEN Pbthe whalgdevieknperature treatment, around 8000C, at

which it reflows and is distributed on the surface, in order to planarize
it to an extent of abdlis @soknown that the utilization of muiti-level metallizations 3

The first netallization level is then defined on a netal |ayer  deposited
on said PMO | ayefs eYeivinate increasingain drdert orsatisfyHbe déntarconnection as well
as the circuit layout development requirements of semiconductor
electronic devices, particularly in respect of VLSI (Very Large Scale
Integration) or ULSI (Ultra Large Scale Integration) integrated circuits.
The multi-level interconnection technique, in fact, allows the
high contact density requested by circuit miniaturization to be obtained,
thereby minimizing the cross-talk and interference and signal delay
problems.
In the prior art, a planarization technique of the first dielectric
layer, in contact with the substrate of the device, is largely utilized.
Such technique is based upon utilization, as dielectric material, of
silicon oxides, also known as “‘Poly Metal Oxide® or "PMQ”, usually
doped with boron and/or phosphorous that, at proper temperatures,
become fluid. At first, such PMO is deposited on the surface of the
device at low temperature and, consequentiy, in conforming manner,
that is, in other words, in such a manner as to follow the shape of the
basic surface. It is subsequently subjected to a higher temperature
treatment, around 800°C, at which it reflows and is distributed on the

surface, in order to planarize it to an extent of about 95%.



whi ch, upon being filled wth said netal, realize the necessary contacts

of said first netallization level with the device substrate.

However, such first netallization |level introduces a not planar

t opography caused by the presence of tracks emerging fromthe planar

| ayer of said PMO As the nunber_of the netallization |evels

I ncreases, the various |layers in stacked3arrangenent I ntroduce an

i ncreasingly corrugated topography. In fact, since the maxi mum al | owabl e
tenperature value to which the substrate can be subjected decreases as the

manuf act uring processThe diestadstallizbtidrs V8| [P IHRAPASHHel! & taomg[%r]%rze the
surface of the device by utilizing oxides to be caused to reflow.

Due to |imitatiordepositéchendsng heab fdyat dn&fing %lé@”%‘ﬁ%&ﬁ??@ﬂﬁ@bm

apparatuses with a resolution | ower tthan one mcron, e

di ff f VHK f ' b I1ized
are hi gher than ot ot BRIl RARIARE e R b 8 HebESh poltref "srmml 1
t he photolithogr %@Féig ﬁﬁ%&ﬁﬁ%nﬁg‘%&g@g t%$8§€é%$éqghg%t he netal |ayers

can fail to properly focus sone’s concer ned devi ces.

This entails a nunber r awbacks. . .. In the first place, the.
continuity of the net a'ﬁg‘?’?\ée&@uc%oﬁﬁtdmﬁt@”'zéﬂ?réI'q"éb!’\g"ﬁh%eﬁ 2 Y PHERE t o

surmount hi gh ang_steep steps,. with consequent circuit breaks.
1 9 QIopograp%y caused Dy the presence of tracks emerging from the planar

layer of said PMO.

As the number of the metallization levels increases, the various
layers in stacked arrangement introduce an increasingly corrugated
topography. In fact, since the maximum allowable temperature value to
which the substrate can be subjected decreases as the manufacturing
process proceeds, it is no more possible to planarize the surface of the
device by utilizing oxides to be caused to reflow.

Due to limitations in the depth of field of the photolithography
apparatuses with a resolution lower than one micron, when the height
differences of said- corrugated topography of the devices to be
metallized are higher than a maximum threshold value, which is anyway
rather small, the photolithographic techniques applied in patterning the
metal layers can fail to properly focus some surfaces areas of the.
concerned devices.

This entails a number of drawbacks.

In the first place, the. continuity of the metal tracks could be

unreliable when they have to surmount high and steep steps, with

consequent circuit breaks.



Additionally, after anisotropic chem cal etching operations have been
carried out, netal residual can remain on the bottom and on the sides of
steep steps, with consequent short circuits between the tracks. In
view of the above, therefore, it is necesgary that the surfaces of the
devi ces be planarized and this planarization can be perforned on the

| ayers of dielectric nmaterial separating the various netallization |evels,
even after the definition of the first metallization |evel.

Various techni ques ar ewaﬁwifyoa%%fmuﬂé‘%mw elchinggprarations have A
first technique is based upon utilization of a dielectric material,
substantial ly a egsscartiembont, metlresitheal raneeman on the: dttoss and @n th60G' . Sai d
SOGis a planar material even at relatively ow tenperatures, but it has

the drawback t hatsides eftstedpostépms, méthmonseduantstiort diftaite batweeashagas@. t he
contact holes are to be realized for contact with the netallization |ayer

lai d thereupon. This cimdeqeeteeatovedHereidte! 1R ndaaséary it t1ROSRIKetS gas
when the device is subjected to a vaporization coating, also known as

“sputtering”, of o thetdelicesd8aidiarizbl ARHURIs plhRSAABNN 8N PeBefdried! t
breaks. Aimng at solving this drawback, a Treverse chem cal corrosion

process is per f orgrethe Ibis SpufdiRdmaiialisen A the Yariadd tobiadawer . but

it is, inturn, intrinsically failure a due to causes relating to

the sel ectivity ObydifGveR2EEF MELRRREY Sﬁ{he%ﬁr}netaﬁi&ﬁgn%\(/e?.f al'l “above, the
oG Ut 16 be extrently

techni que wherein SOG is used turns o conmpl ex and

ive. S 1S hni h b .described by M Kawai
L Al 1n " proceed ngs e e Mie R RY WEREE SR Y o page

419, 1988, and by H KRJ T t%&hr%l;ue is based upon utilization of a dielectric

material, substantially a glass, known under the name “spin-on-glass”
or “SOG". Said SOG is a planar material even at relatively low
temperatures, but it has the drawback that it should be removed in all
those places where the contact holes are to be realized for contact with
the metallization layer laid thereupon. This consequence is due to the
fact that SOG emits gas when the device is subjected to a vaporization
coating, also known as “sputtering”, of a metal, usually titanium,
thereby causing circuit breaks. Aiming at solving this drawback, a
reverse chemical corrosion process is performed., the so-called “etch-
back®, on said SOG layer, but it is, in tum, intrinsically failure affected,
due to causes relating to the selectivity of the concemed chemical etch.
In view of all above, the technique wherein SOG is used tums out to be
extremely complex and expensive. Some aspects of this technique
have been described by M. Kawai et al. in “Proceedings 5th Intl. [EEE

VMIC Conf.”, Santa Clara, CA, page 419, 1988, and by H. Kojima et al.



5" A second technique is based upon use of a dielectric materi al
known as " HSQ". Said HSQ material is substantially a silicon oxide
*dissolved in a solvent and, therefore, it is fluid during deposition. This
techni que provides for the followng steps: a prelimnary deposition of a
first conform ng dielectric |layer, consisging of a silicon oxide, also
known as 'Metal Inter Level Oxide" or "MLO'; a deposition of fluid HSQ a
spreadi ng operation of said HSQ by spinning, in order to planarize the
surface of the device;, a treatnent at about 400'C of the device, in order
to dry said HSQ theredysewnditeehnidue is dlasedupon ose whgodieleetrigrmoatetiel mat er i al
to cure; the deposition of a layer of MLO 2. The contact holes for the
under | yi ng met al | knewn as "HEQ3! SaideHSDY eateridl id substgttidipea abiove axidet i oned
stack of three dielectric layers, This technique has various drawbacks, as

wel |. I'n additi ondissolied imga selxertraridy therdfeaslisie fiuid duringodemRtion. Tafs of
addi tional steps into the manufacturing process, this technique also

i ncreases the |ikedchhigod ptaviderforitie €otfoding step&fd melimthaledégRiontdier eby
| owering the production efficiency. Some aspects of this techni que have

been described byfilst coltfoafingt dlélectric”iaggf O&RRAG Sof 28 UsifyiauBLidk ERkoVM C
Conf.", Santa Cara, CA page 20 A third technique is based

upon physi cal - chegi&e a§-bmmﬁter L%k,épome%ram hemye s;tweﬁﬁh&a'

polishing'; carried out upon t wor ked siTicon Ice, or "wafer",

by means of whi chyjshe a%wegg@@e?&érameo?%agﬁm%fbgggpmag,arn oRln | zed by

removi ng all unevenesses rom Al'so Ique™'turns o to be
very expensive i nplaﬁ&%()mecsu%s&g%f the device; a treatment at about 400°C of the

device, in order fo dry said HSQ, thereby causing the solvents to
vaporize and the material to cure; the deposition of a layer of MILO-2.
The contact holes for the underiying metallization level are effected
through the above mentioned stack of three dielectric layers. This
technique has various drawbacks, as well. In addition to being
expensive, because it introduces a set of additional steps into the
manufacturing process, this technique also increases the likelihood to
produce failure affected devices, thereby lowering the production
efficiency. Some aspects of this technique have been described by M.
Khan et al. in “Proceedings 2nd Annual [EEE VMIC Conf.”, Santa
Clara, CA, page 20, 1985.

A third technique is based upon physical-chemical abrasion,
also known as “chemical-mechanical polishing”, carried out upon the
whole worked silicon slice, or “wafer”, by means of which the surfaces
of the concemed devices are planarized by removing all unevenesses
therefrom. Also this technique tums out to be very expensive in

economic tarms.



6 ° O her techni ques have al so been studied in order to planarize
the surfaces of the devices: techniques for reverse chem cal corrosion of
‘the dielectric layers, or "dielectric etch-back techniques", as described
by A.C. Adans and C.D. Capio in "J. Electroch. Soc.", 128, 423, 1981, and
by T. Kobayashi et al., in "Abstract THPM 14.2", page 184, |EEE | SSCC

Ext ended Abstracts, 1982; surface chem cal etch planarization by vaporized
ions or "surface sputter etch planarization" as described by H Kotani et
al. in "J. Electroch. Soc.", 130, 645, 1983; ion beam surface erosion and

| i ti d ibed by L.F. J t .. ,in " . Phys, Lett.
20 636 1982.  pol ) HeBASCHILaUES Ry B8 Degh cstuled 16 -order o easizg By 3.
Layza and J. L. Jpngksioh tﬁ@@evicé?ﬁtec%iaﬁh@%? fé\}éfseseﬁ%[nwgﬁkbﬁ%io Eg’/ﬁ%helg%’
I % e ? D) and

San Di ego, CA, Abs. No. 356; blanket chem cal vapor position
et ch-back of Wdialecltiedayérsedr ByielEciic dtcioddble iechaiqueks”, asndésdEBEd TmansC.

(VD) W deposi 1A fndileDy o "5 et b6 0J28 & dfaand Bt | '
"Tech. Dig. | EQRGaya9te 2AREA0act THpu £ b aboe dienkEeHGdCE Rl ques are

expensi ve and en he Thtroduction of coigl wor ki ng steps i e

devi ce manuf act Alstragtyrigsls surface cherivel etchaplanadikavien! by vaporizddhwngpgr oach
suggested according to his in}/‘er]ti on is to be considered in order to solve
al | above menti SHEECHSBYIANLBICN planarization'sag dgsgiibied) b by &otaret g in ™1,
i nvention, ther [ @ C y t i J e | i a L:Nex ive
manner a nul ti @é@é&hﬁe?g{: 11 zgé(ls’on&#()rws?’ WB}‘ beafh &m’a%e @Oélaﬁ Cil

7 sem condusiaRarizieioh GeSdeseicdd BRtiaF Johakb® et RAVinNApAL. mashLEaYeb~a hi gh
grade of surface planarization, thereby assuring the track continuity and
el i m nati ng anyb3hok382;ipolyimides @ssintermetal dielaatws) asafiesceibedthvadils Layza

e oPeCt, O i BRI, e AL oF ikt ShC B PR, .

bt o aapect PP} b NECTSETBRARE, BTN AOORAF107D) and

pl anari zati on neiichtbackvefl Wyessaldesariedoby fEK. Besadbentiettalr inléNMEEBSTrahs.ch
Electron. Dev.”, July 1988, page 952; selective chemical vapor deposition
(CVD) W deposition in the grooves, as described by D.C. Thomas et al. in
“Tech. Dig. IEDM", 1988, page 466.

All above mentioned techniques are expensive and entail the
introduction of complex working steps into the device manufacturing
process.

Having all above in mind, the approach suggested according to
his invention is to be considered in order to solve all above mentioned
problems.

It is a general object of this invention, therefore, is to carry out in

simple, reliable and inexpensive manner a muiti level metallization for



conprises manufacturing a first netallization | evel, consisting of
~conductive tracks and contacts to a sem conductor substrate and
“manufacturing a nunber of netallization |evels subsequent to the first one,
al so consisting of conductive tracks ang of contacts to the underlying
metal lization |level, characterized in that manufacturing the first
netallization | evel includes the follow ng steps: - a confor nal
deposition of a first layer of dielectric material upon the whole device to
be netallized, said first |layer having the capability to reflow at a
tenperature in the range of 800[err]C to 900[err]C as well a suitable

t hi ckness preferably equal to the sum of the thickness of the separation

di el ectric mat esemicondycior etevisesweuch tmirtaliizationo havingoat satistieealiea anight he

i nterconnection_netal.track nd.of, the thi ckne r jred for. the
: nt er connect: on9 : eaPT_' %trui%qg%)%nanzatlop, %qubhéﬁﬁlsngt ﬁg‘;tfﬁ%@%“@g{ _G”Fjef | ow
tenperature of gfdnhaflingl ! dhopt ERLRTIRbIAIG, bétwekRBditeAt t@@ks%;ff' cient to

pl anari ze the rade hi gher
than 90% and anyway Onegaspeet 0fdhisriademtjort be cpeyt dwtubaid high pplaaarization

- a first photolithographic process. in which, by utilizing a first

suitabl e confi gm‘&{']‘ﬁ)%'r??dpe“aﬂg??@? itheut p!ﬂ%?@l“é’%ﬂit\%‘af é’g?%ﬁssoﬁﬁép‘iﬁ@ed to
said first |aye i I ke i dLvel ically
etching said fi ?hsét)B‘Péo{éyglké‘ao%;y ‘%}?‘é?%‘i’f?‘?@e@@gar‘%ﬂ?'ﬁ%ﬁé”ﬂ‘}@ﬁ%ﬁ?@?gﬁ& ated to
the tracks of the fAnothermaspdct icfathinindeatien ioftot pevide auietiase ofefiighed,

- a second photoHE{aho raphic process in which, by utilizing a second
sui tabl e confi glleRariz#tiay mydevel nmetllization oiok sEBHEPRAUGRrs deyvicesvwhishsed t o

S ey R el BB SR cor BRERRS LY,
are dofined, | oM A R R e DRIV st el af n
whol e device smamifadubny e neaiber fofr sietdllization dévels subsaquient rtat the fitst t he
deposition one, aiso consisting of conductive tracks and of contacts to the underlying
metallization level, characterized in that manufacturing the first
metallization level includes the following steps:

- a conformal deposition of a first layer of dielectric material upon
the whole device to be metallized, said first layer having the capability to
reflow at a temperature In the range of 800°C to 900°C as well a suitable
thickness preferably equal to the sum of the thickness of the separation
dielectric material required between the semiconductor substrate and the
interconnection metal tracks and of the thickness required for the
interconnection metal tracks,

- a thermal treatment at said reflow temperature of said

dielectric material for a time duration sufficient to planarize the



techni que inparting to said netallic material the capability to uniformy
fill any recess and to make the surface as planar as possible, - a
chem cal back etch of said |ayer of netallic nmaterial on the whole device
so as to again expose the surface of said first layer of dielectric
material and realize a high planarization grade, said back etch being not
st opped on reaching the surface of said first layer of dielectric
material, but being extended for a pre-established tine duration as an
"over-etch" on th@radrohigheuthea©8%énd heywisvoapadarguired by the parteuenf or mal
deposition, on the whole device, of a second |ayer of dielectric material,
havi ng a thi cknesspetigationt o t he sum of the

9 of the separation dielectric material required between the netal

tracks of two adjacent maifRl iONIRAME ol i®lnidieol NERESS pfgaul T ed

for the interconnection netal tracks o e subsequent ation |evel

to be manuf act ur edyitabie conﬁﬂrlg{iz(gﬁ,{;%gpgﬁi, iagpﬂ&é}égg&iﬁ\lfﬁéa{e%%lﬁo&%é}% e. n that

t he manufacture of the net evel sTsubsequen I'TST one
conprises the samg, gl . nce for nuf act uring
the first netallizati gﬁﬁﬁsg\%ﬁ{ %ggeg%@m?gfa??rﬁaz%g@pgsf?‘%SWe&f %Earinga Yrst

| ayer of diel ectrig.if Y for. the thernmal treatnent at said refl ow
t enper at ure of saiem%%?}rslt ?@ﬁpﬁ?lpﬁﬂc&lc %eﬁ%a" fhe tﬁ%ﬂpgfeaﬁée{ﬁﬁ"fj tf3>’h‘i|ti l'izing
inthe first and | h econd ot al i t hographi c process suitable resist
patterns correspohglc‘%sg&ttﬁeﬁﬁg"ﬁghﬁaﬁf’? vebef the gl “l?é?ﬁ&ﬁ'h%fﬁuf actured.
According to a further aspectreé his invention, said suitable thickness of
said first layer of di el 8EFPRC PRPtOIhgprapkiceprgsess B WAt Ry (kitizieg af t he
required separation diel e_c@ ric material between the sem conductor substrate
and the i nt er conn@8EIWnswitabl corfigixationnar neatternic ol phelgrespensive gesist

metal | i zation |l evel also includes, after said thermal treatnent at said
refl ow t enper at ur 8verPose 9 i fiest taviec ofvdietactrig matgrigoaricpyralibskepiesiiyt i on of
third layer of dielectric material on the whole device to be netallized,
havi ng a t hi cknesshemjgally etchinge seidq first ddyearhot kiredaxirid onatetia, ithe encd@nnect i on
nmetal tracks, and, during said first photolithographic process, the

trenches rel at ed rajatetido theacdrdaaté td the Subssiteraftiiad fidsy aletalization ¢dvepbsf t he
circuit will be defined in the said third |ayer.

the circuit are defined,

- a deposition of a layer of metallic material on the whale device
so as to cover said first layer of dielectric material, the deposition
technique imparting to said metallic material the capability to uniformly
fill any recess and to make the surface as planar as possible,

- a chemical back etch of said layer of metallic material on the
whole device so as to again expose the surface of said first layer of
dielectric material and realize a high planarization grade, said back
etch being not stopped on reaching the surface of said first layer of
dielectric material, but being extended for a pre-established time
duration as an "over-etch” on the whole surface of the device, and

- a conformal deposition, on the whole device, of a second

layer of dielectric material, having a thickness equal to the sum of the



10 This invention will now be described by way of illustration
and not by way of limtation, according to its preferred enbodi nent, by
particularly referring to the Figures of the attached draw ngs, in which:
Fi gures la-1f are schematic, cross-sectjon, not in scale views of the
device surface at the various manufacturing steps of the first
netallization | evel according to this invention. By referring now
to Figure la, it can be observed that the first steps of the process to
realize the first netallization |evel provide for depositing a dielectric

layer 1 conpri 5bf‘@hé‘sé%elyrﬁfioﬁl_dié?éctﬁméteﬁél’ reaﬁifre@?%gﬁ%éiﬁﬂ% s tHaFl|<§6FSEd

toreflowin order to anarize the surface o evice, as we as a

| ayer 1" of a f iwo hadjacting| metallizatiomtlevelalandhaf ithg thicknedsarequiade for dlse as
the PMO, consisting in sjlicon oxide o glass, doped with boron and
phosphor ous, kn&}?ﬁ'%%n“é@f‘oﬂ‘e%{otg r?fug“e é?q’?e@HﬁRU'é?st%'E'ZQFIO” &ySGtQ 8¢

t hi ckness of the,p iregt €l ectric layer 1" of BPSG should be the sane as
the thickness required fof the interconnection metal tracks, preferably
real i zed of tungstensaidtrethat.being further dfiagaoterized inhthak tiee diariugattuie of ayer
1 conprised of PMO and . BPSG th in particular, is utilized in the

t echnol ogy of d%ﬁ‘@ﬂ“?ﬁfﬂﬁbfﬁvﬁggweﬁﬂerﬁmﬂtﬁmi e CpEREises thetsasmul d
e, e oot Sk, AL kR4, lente 020 5 DRTRAOG TG °BS,T
?2:1‘:3 ; cr: ;It 3% sai ¢hetaliiyationlleeln eheept Foptied dbyoditunmelisant BRIeyedepamid@dcat a
material and for the thermal treatment at said reflow temperature of said
dielectric material, and it is carried out by utilizing in the first and in the
second photolithographic process suitable resist patterns corresponding to
the metallization level being manufactured.
According to a further aspect this invention, said suitable thickness
of said first layer of dielectric material is equal to the thickness of the
required separation dielectric material between the semiconductor
substrate and the interconnection metal tracks and manufacturing the first
metallization level also includes, after said thermal treatment at said reflow
temperature of said dielectric material, a conformal deposition of third
layer of dielectric material on the whole device to be metallized, having a
thickness equal to the required thickness for the interconnection metal
tracks, and, during said first photolithographic process, the trenches
related to the tracks of the first metallization level of the circuit will be
defined in the said third layer.



of 430' C by chem cal vapor deposition at atnospheric pressure and it 1is
caused to reflow at a tenperature of 850"C. This thermal treatnent at a
tenperature of 8500C could also be utilized in order to diffuse and
activate the dopant species inplanted intg the substrate, such as for

I nstance into the drain and/or source regions of the transistors.

By referring nowto Figure | b, it can be observed that the subsequent step
of the metallization process is a conventional photolithographic step in
which, by utilizing a J&isKeiopont ngwrbe teseribed bapra efrifiusteation and

phot or esponsi ve_resi st and a subsequent anisotropic plasma assisted
chemical et-ch or R¥tnRY Wwaypdfakimitationc ccatiinghte BP$G:ferrell eenvaetiroérets by
corresponding to the tracks of the first netallization level of the

circuit are defi rpatticuiary refdrdyeto the Fafur&PSGhe btaghadtdrawings. intWhich: chemi stry
of the plasma assisted etching step for BPSG preferably provides for

utilizing trifluoromet Figueed CHB preasichdaitiaf bises-eedtivanact (NEM viewsor der to
achieve a highly controlled profile of said trenches 2, thereby achieving

nearly vertical sifdpeVidvice. spited RARENVRkioUS nUHLRRRhgOYepd OF YRE IR Ng the
(CF2) species, mainly resulting fromgaseous trifluoronethane upon the

side val | Pref er@biallizatis BvanREb&Mg BaRiRR&Rer ation is carried out in
hi gh pressure conditions in order t0o obtain a good etching uniformty,

with a disuniformity g&gg{egrmgow td p%ﬂ[e??(% ith:%g[)gg%s R8s, itﬁ%ﬂge pl asrré

in the_reactor pentral gi « ho observe the
phot ol i t hogr aphi CstQFs.s Ef He' er’oéggs to realize the first metallization level provide for

depositing a dielectric layer 1 comprising a layer 1’ of PMO that, as
above described, is caused to reflow in order to planarize the surface of
the device, as well as a layer 1" of a further dielectric material, having
similar properties as the PMO, consisting in silicon oxide o glass,
doped with boron and phosphorous, known as “Boron Phosphorous
Silicon Glass” or “BPSG". The thickness of the planar dielectric layer 1"
of BPSG should be the same as the thickness required for the
interconnection metal tracks, preferably realized of tungsten material.
Figure 1a shows a dielectric layer 1 comprised of PMO and
BPSG that, in particular, is utilized in the technology of dynamic
random access or DRAM memories. However, it should be understood
that said dielectric layer 1 can be formed by only one of said materials,
without so departing from the scope of this invention. in particular, said
layer 1 can be completely formed by BPSG, deposited at a temperature
of 430°C by chemical vapor deposition at atmospheric pressure and it
is caused to reflow at a temperature of 850°C. This thermal treatment at

a temperature of 850°C could also be utilized in order to diffuse and



to realized the above mentioned trenches 2 is obtained by reversing the
Jmask utilized for realizing the conventional netallization, having tracks

protrudi ng fromthe oxide and defined upon a netal |ayer. In this
respect, a further advantage realized by this invention is offered by the
fact that the photolithographic process appears to be less critical, In

fact, since the interconnection track pattern is no nore
12 realized in a netallic surface as it occurs, in contrast, in the prior

L UL RO O el e MRSl EL R LS

the decrease in I re I VI ace e | ocal

defects is no nor e<@nPs ?ﬁée&rsgu r;{éi(%dg%rssgwg:lekggv@egpﬂhgQr%%sits% erance to be

achieved in focalizing r%y referring now
to Figure Ic, it can bg observed that the uhsequent step i s again a
phot ol i t hogr aphi ¢ st ep,gyaf@i%'f"ag 9% F&Wi@eﬁ’ﬁ i'gﬁ‘gl1 cePsanREdhatihenni ch, by
utilizing a suitable pattern of BhOt osensitive resist and by means of a
subsequent pl asnePURSERERN gSteRn Pt dhe optetalizatinn cAIOCRSTHRNg 6pRYentivadl with PMD
(or BPSG, when the dielectric layer 1.is totally formed with this
material ), hol es AhotQithagrapfie stepdomtaait, DyvitiiringHesytabia eenfiguattiontne fi r st
netallization |l evel of the circuit are defined in layer 1' of PMO (or
BPSG) . Saplerne sif sphetatasponsieh cakidt Bndr éaksubseduent anisatrbpice i n
which trenches 2 relating to the tracks of the first netallization |evel
of the circuit dssnaksgsidy dheaicaletdmedsianpty Yiasins etcha®é thes BRSG)Ore a
pl anar .

the trenches 2 corresponding to the tracks of the first metallization tevel

of the circuit are defined within layer 1" of BPSG. In particular, the

chemistry of the plasma assisted etching step for BPSG preferably

provides for utilizing trifluoromethane (CHF;) and hexafluoroethane

(C4Fs) in order to achieve a highly controlled profile of said trenches 2,

thereby achieving nearly vertical side walls. Such control is obtained by

polymerizing the (CF;) species, mainly resulting from gaseous

trifluoromethane upon the side wall. Preferably, said chemical etching

operation is carried out in high pressure conditions in order to obtain a

good etching uniformity, with a disuniformity figure lower than 5%,

thereby focalizing the plasma in the reactor central region.

it should be observed that the photolithographic mask utilized

to realized the above mentioned trenches 2 is obtained by reversing

the mask utilized for realizing the conventional metallization, having

tracks protruding from the oxide and defined upon a metal layer.

In"this respect, a further advantage realized by this invention is

offered by the fact that the photolithographic process appears to be

less critical. in fact, since the interconnection track pattern is no more



surface. This entails a photolithographic process offering nore accurate
performances in connection with focalization requirenments. However, the
hei ght differences existing in the surface topography are still conprised
in the tolerance Iimts of the usual photolithographic techniques.
Preferably, the plasma assisted etching eperation carried out on |ayer 1'
of PMO (or BPSG) is based upon utilization of trifluoronethane (CHF3) and
car bon tetrafluoride (CF[err]) under argon at nrosphere and it is perforned

at asubstratete u 10[ err

13 The substraf Cirlﬁé 93?'50 (Vi st'th@cﬁfsoﬁ” centasttiRdhe PAPaéR hole 3 to
be controlled nDdlfylng the adhesion coefficient of the

di f 1 uoronet hi | en u\‘( @:Fff dpglizpd YRonyaRianar andheatiesr tickt dielectiibdayert éhe s
preferably equipped with a suitable control systemfor controlling the
tenperature dist de¢reasenn ilighbreflectivity obtre sudaceh ét ocan gendrategidralii ng a
disuniformty level |lower than 5% The argon atnosphere is utilized to

i ncrease t he chefigfeals ienelmang agpelsidmaFhisedido altovishe highesirerendhtions:
directionality. By referring nowto Figure 1d, it can be observed that the

subsequent step achiprddsinsodaiirihgtie aafe\GilRdevizase netal cheni cal
deposition, preferably tungsten (W upon the whole device, so as to cover

the BPSG layer 1'. ThayhifékingSsiv itd Higirs $8,6P o%h%lé %beéveaclﬁazt ﬁsé to

uniformy filling each and every cavity, the so-called "gap filling"

property, in ordgliosequéir Ble ladhin 3 PhotblidgHAHiS Wedb, 2alddrGKE RS
conventional techniques, in which, by utilizing a suitable pattern of
photosensitive resist and by means of a subsequent plasma assisted
anisotropic chemical etching operation with PMO (or BPSG, when the
dielectric layer 1 is totally formed with this material), holes 3 relating to
contacts with the substrate of the first metallization level of the circuit
are defined in layer 1’ of PMO (or BPSG).

Said resist pattern should be realized on a surface in which
trenches 2 relating to the tracks of the first metallization level of the
circuit have already been defined and said surface is no more a planar
surface. This entails a photolithographic process offering more
accurate performances in connection with focalization requirements.
However, the height differences existing in the surface topography are
still comprised in the tolerance limits of the usual photolithographic
techniques.

Preferably, the plasma assisted etching operation carried out
on layer 1" of PMO (or BPSG) is based upon utilization of
trifftuoromethane (CHF;) and carbon tetrafluoride (CF4) under argon

atmosphere and it is performed at a substrate temperature of -10°C.



as to fill all contact holes 3 as well as the track trenches 2 and such as
to nmake the surface as planar as possible. Particularly in those case

where silicon devices are nmanufactures and tungsten is used as said netal,
t he above tungsten deposition operation is preceded by formation of a thin
| ayer of titaniumnitride (TiN) ainmed at aiding the adhesion and the

uni form tungsten nucl eati on because, as i3 i s known, tungsten does not
perfectly adhere to silicon substrates or to silicon dioxide substrates.
Sai d adherent |ayer of titaniumnitride is preferably obtained by the

fol | owi ng step seuneRGSstratd fetHipebiual énab?esofh%'rfi BB Y Yhd i:&rﬂ&&%ﬁ}’éi h
or e concerned

deposition is carried out by ion vaporizatio sputtering.

T i hort soni BF " coafi® b iy “MRE AP RAAR of ey i on

14 i n horizontal oven at a tenperat or
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treatment at a hi gher tengef) ture than the previous one, becones
stechiometric t eﬂ'gﬁ’f%}m%ﬁ" Yipuon in; qgsr to obtain a chempeal shung H@iRGI3t ungst en

deposition is preferably a low pressure_chem cal vapour deposition
(LPCVD) that assufigenitorgiyievel lowss Sarmed%+ Jhe grase almpsrhase is Lilizedder to

obtain conpletely filled contacts
increase the chemical etching speed as well as the plasma etching

directionality. By referring now to Figure 1d, it can be observed that the
subsequent step comprises performing a vapour phase metal chemical
deposition, preferably tungsten (W) upon the whole device, so as to
cover the BPSG layer 1. The metal used in this step should be
adapted to uniformly filling each and every cavity, the so-called “gap
filling” property, in order to form a metal layer 4 having such a thickness
as to fill all contact holes 3 as well as the track trenches 2 and such as
to make the surface as planar as possible. Particularly in those case
where silicon devices are manufactures and tungsten is used as said
metal, the above tungsten deposition operation is preceded by
formation of a thin layer of titanium nitride (TiN) aimed at aiding the
adhesion and the uniform tungsten nucleation because, as it is known,
tungsten does not perfectly adhere to silicon substrates or to silicon
dioxide substrates.

Said adherent layer of titanium nitride is preferably obtained by

the following step sequence. First of all, a preliminary titanium (Ti)
deposition is caried out by ion vaporization or sputtering. The

concerned device is subsequently subjected to an annealing operation



wi th high heighttwidth ratio, w thout jeopardizing the desired

pl anari zation on large track trenches 2. The deposition process is
conprised of three steps: nucl eation, contact filling and

I nt er connecti on. The nucleation step is a | ow speed deposition
step in whjch silane (SiH4) is used to chemcally reduce the tungsten
hexaf | uori de (WF). In detail, anmpong thd4various possible silane reduction
reactions, the nost likely one is as foll ows: 2WF[ err]
+3Si[err])---2W3Si Flerr]+6 [err] The object of the nucleation

step is to creat 6nfofizdnddl dvbh At é@é/nn&SﬁerL e BPf@Ss&g&% g?ﬁ'ﬁ[@nf}@raﬁgﬁ Bt ¢4pess of

about 400 Angstrom acting as a eall on see e subsequent

t t I , A ich I di to,th

o o o e g P ATRES PDaosntle lipg & 85% AGSHEAIRD bRu' "

15 Wh i L ' bel. f act houl d th
hydrogen (H er] )6er 2"16hﬁ‘?@@%ﬁmg@SﬁEﬁ'HP@‘&gﬁwgéﬁlﬁ?%{“ﬁg@%ﬁgﬁqg‘q | '? ani um
Gl 1T con Subet T at SRVER PRRRATS 60 BVHSINHI et g kb shavinga T
[err] Such intrusian hat causes the npst usual defect known

under the term VAEAR GPEPOsidn {Tad whicke pljenmBrhehannealios trealdiendgkr at i on
begi ns a higher temperature than the previous one, becomes stechiometric
titanium nitride (TiNy).

The above noted tungsten deposition is preferably a low
pressure chemical vapour deposition (LPCVD) that assures a good
conformality to be achieved, in order to obtain completely filled contacts
with high heightwidth ratio, without jeopardizing the desired
planarization on large track trenches 2. The deposition process is
comprised of three steps: nucieation, contact filing and
interconnection,

The nucleation step is a low speed deposition step in which
silane (SiH.) is used to chemically reduce the tungsten hexafluoride
(WFe). In detail, among the various possible silane reduction reactions,
the most likely one is as follows:

2WFa +3 SiHi - 2W +3 SiF, T+6H, T

The object of the nucleation step is to create a first thin .layer of
tungsten, having a thickness of about 400 Angstrom, acting as a
nucieation_seed for the subsequent tungsten layer, the deposition of
which takes place according to the following hydrogen (H;) reduction

reaction:

WFe + 3H; - W + BHF 1



wi th silane reduction. The other two deposition steps are hydrogen
(H2) reduction processes. The second step, which is known as
contact filling step, is ainmed at filling all contact holes 3 with high
hei ght/wi dth ratio, thereby preventing void regions ("voids') to be

gener at ed. Lastly, the third step, also known as interconnection
step, occurs at the highest depositionwspeed and guarantees that |arge
trenches 2 are filled with good planari zati on. By referring nowto
Figure le, it can be observed that the subsequent step in the

manuf acturing process of the first netallization |evel conprises
performing a cheni calWertlsilispohdeieasaarorbeing swndfactaeed| shaydrihg,
preferably of tungsten, as above nentioned, on the whole surface of the
device and,. t hkydsdgare(H,) neduction reaatipn behditedtly texplgitepbnaneaitaréan, i n order
to agai n expose the surface of said dielectric BPSG layer 1 and realize a

hi gh pl anari zat nitridef lagerr gasdous tpadstérchbaffiuodidee(WHG keotldcsgpdniLthicon on
tungsten is not stopped just when the optical detector indicates that the

surface of sai dsilitorl Rbbtrate, BERBy generating the fohé\yiﬁ? rdacdii@s; been reached, but
It is continued for a pre-established trne durafion as a so-called

‘over-etch", during whieh.+ary PBipak sggsiqdual s existing on said surface are
renoved.

Such intrusion, that causes the most usual defect known under
the term “wormhole”, is less likely when the deposition operation begins
with silane reduction.

The other two deposition steps are hydrogen (H,) reduction
processes.

The second step, which is known as contact filling step, is
aimed at filling all contact holes 3 with high height/width ratio, thereby
preventing void regions (“voids®) to be generated.

Lastly, the third step, also known as interconnection step,
occurs at the highest deposition speed and guarantees that large
trenches 2 are filled with good planarization.

By referring now to Figure 1e, it can be observed that the
subsequent step in the manufacturing process of the first metallization
level comprises performing a chemical back-etch operation on said -
metal layer 4, preferably of tungsten, as above mentioned, on the
whole surface of the device and, therefore, without any
photolithographic pattemn, in order to again expose the surface of said
dielectric BPSG layer 1" and realize a high planarization figure. In
particular, the back-etching action on tungsten is not stopped just when

the optical detector indicates that the surface of said dielectric BPSG



Sai d reverse or back etching operation is preferably a plasma assisted
chem cal etch in which sul phur hexafluoride (SF6) and argon (Ar) are used.
In this case, the nost inportant paraneter is the uniformty of the

chem cal etch: it should be as high as possible in order to prevent any
metal residuals fromcreating short circuit paths between the netal tracks
arranged within said trenches 2. The chemigal etch rate uniformty is
mainly a function of the pressure in the etch chanber, of the reactive gas
to inert gas ratio, as well as of the wafer tenperature. As a matter of
fact, the etch ra Ls.higher in the central . area of the wafer when the
pressure in the c?@r%qrH’%’sgbef%c@@ﬁ%q%amdh&Conf"ﬁf‘%ﬁfFQ&%‘?S@H@r\ﬁﬁf‘Wvm' Il be
nmore rapidly etched at its edges when the pressure in the chanber is
decreasing. This SEF@\?P&tﬁaiSQ*&ﬁ%dt@/efﬁéch f @eédng: which ani mefat residualire in
the chanber tends to.confine the plasma toward the centre of the chanber,
while a | ower preE¥SHRE o FAIdSUEace argiremsaved.o uniformy fill the whol e

vol une of the chanber. . Utilization of argon as inert gas provides
for a better etch rate Saigireversd ofbaak etehinptoperation\is prefemslyez pldsmaa pl asma
whol Iy consisting of sul phur hexafluoride and this uniformty depends on
the SF[err]/ Ar rasdiged chemicaketobrie whidtesdlphgrefiextiaidef (SFhpandbrjon S a
signhificant factor, in view of the fact that the etch rate is higher in

the warnmer areas @#Ar)tdre ussuinderihixd casd ethe Hivet Whportarat parameferaisSttet abl e
system for controlling the tenperature distribution allows a good

tenperature unif onnﬁfdrmitﬁnﬂme chemical etch: it should be as high as paossible in order 17

consequently, a good chemical etch rate uniformty to be obtalned on
to prevent any metal residuals from creating short circuit paths betwean
the metal tracks arranged within said trenches 2. The chemical etch
rate uniformity is mainly a function of the pressure in the etch chamber,
of the reactive gas to inert gas ratio, as well as of the wafer
temperature. As a matter of fact, the etch rate is higher in the central
area of the wafer when the pressure in the chamber is increasing and,
in contrast, the wafer will be more rapidly etched at its edges when the
pressure in the chamber is decreasing. This behaviour is due to the
fact that a higher pressure in the chamber tends to confine the plasma
toward the centre of the chamber, while a lower pressure allows the
plasma to uniformly fill the whole volume of the chamber.

Utilization of argon as inert gas provides for a better etch rate
uniformity to be obtained with respect to a plasma wholly consisting of
sulphur hexafluoride and this uniformity depends on the SFg / Ar ratio.
Fudherm_ore, the temperature of the wafer is a significant factor, in view
of the fact that the etch rate is higher in the warmer areas of the
concerned wafer: the utilization of a suitable system for controlling the

temperature distribution allows a good temperature uniformity and,



t he wafer. In view of all above, the preferred working course for
t he chem cal back etch of tungsten conprises three steps, nanely: etching
the bul k tungsten, etching the residuals and etching the adhesion |ayer.

During the bul k tungsten etching stage, the concerned tungsten is etched
by high pressure and hi gh power isotropid/plasm, consisting of sul phur
hexafl uoride (SF[err]) and argon (Ar). During the residual

etching stage, the concerned tungsten residual s are etched by the sane

chem cal s as usedy r 2y t [ s flowrate,
pressure and pomgc{nggé)uf@élp,t%&wgén?rg\%?g irg% %ﬁoé%?%q Pg%?)ﬁa?#eedsﬁféct of the
titaniumnitride tﬁgwlégerl ayer. This etching step is tine controll ed.
During the adhesion l'ayer etching stage, which is ainmed at renoving the
titaniumnitride (Ti I\I)I I@ er, alpl asma consi sting of chlorine (@CI [err])
and argon (Ar) is usedn VEW% Rl &llsehqye. the ncefeaed | woking: pourFe dpedhe of t he
tungsten | ayer is ver‘ﬁv‘ﬂ_gi h in viewof the fact that no fluorine conpounds
are present. chemi @gb?tétﬁ & lagstentsomprises theee sleps, namalyitdtetinglas been

described by re_ftgéri@gg to 5;1] tungsten base netallization applied by
ool ble Lo okt 1oh ol o m chTorant matal et aria e o ot b
copper and/or a silicPddng Be otk tiegstiy etrhmgsstage, #mycdreemedltoggster ocedur e
adapted to inpart to said netal material the capability to uniformy fill
any recess, W thdéuetched tepightiressufe and high gonvae Natrgpicqfladn, Tohsig@Ry | on.
of sulphur hexafluoride (SFe) and argon (Ar).
During the residual etching stage, the concerned tungsten
residuals are etched by the same chemicals as used in the previous
stage, but at lower gaseous flow rate, pressure and power, so as to
achieve a high selectivity in respect of the titanium nitride (TiN) layer.
This etching step is time controlied.
During the adhesion layer etching stage, which is aimed at
removing the titanium nitride (TiN) layer, a plasma consisting of
chiorine (Cl;) and argon (Ar) is used. In this step, the selectivity in
respect of the tungsten layer is very high in view of the fact that no
fluorine compounds are present.
The preferred embodiment of this invention has been described
by referring to a tungsten base metallization applied by chemical
vapour deposition. It should be understood, however, that it is feasible
to utilize also a different metal material, such as aluminium, copper
and/or a silicide, deposited by means of any technologic procedure

adapted to impart to said metal material the capability to uniformly fill

any recess, without so departing from the teachings of this invention.



18 - By referring nowto Figure if, it can be observed that the | ast
step in the deposition of the first netallization |evel conprises
depositing a dielectric |ayer 5 upon the whol e planar surface of the
device, in order to insulate the first netallization |evel fromthe
subsequent ones. Preferably, said dielectrif& layer 5 is an oxide |ayer
applied by plasma assisted deposition, at tenperatures not higher than
400[err] C. The above said subsequent netallization levels are realized by

repeating the sane oper X ﬂerﬁﬁmg\pjgﬁ#r%l dngg%rgrt)er&gh%mgattmg ,g%tr st

netallization | evel, sta trenc in dielectric

I 5 Kk asevel
ayer 511, commecti s W e Bt s el B BRI B AR

the underlying fir metal lization | evel such o acts bei nat ed
as "via contacts". aggosllttngc rﬁjz f’g%d%%%fa&éj‘ip% he BO{? ﬁ”“?r %s%'%
treatnent is carried out, |like the one needed to obtain PMO refIOW|n

order realize the BPYfRr lm|0@qqgciq|l@sql%{9e§he1frst metallizatiof}, dewgh| fgpom  the

metal lization level in respect of which it is not necessary that a planar
condi tion be maint sibrequemdrries. Riafelsbly, seidndielselrisriaver feisan® io¥igeilayeri s
acceptable is the last one, in view of the fact that the final passivation
| ayer, al so known appllddiyeniesne assited deaosition, 'sp@mpegatseesmst highedthan

phot ol i t hographi ¢ operations and has no planarization requirenents.

I n concl usi on, wi tHOO1Ee Thelabbivesaidsyhesduatt aetalizitioy lavelstaresealizeddyt i on, it
is possible to realize multi-level netallization sem conductor devices,
while the track copdgeatihg Yhd Sads dpeeflioanskdubAce ptiitzeibiot ir¢alizoh thhdirst

circuits between adjacent tracks is elimnated, with

metallization level, starting from definition of trenches 2 in dielectric
layer 5 in connection with the tracks of the second metallization level in
thé circuit and from definition of heles 3 in connection with contacts to
the underlying first metallization level, such contacts being designated'
as “via contacts”. As it can be observed, no more high temperature
treatment is carried out, like the one needed to abtain PMO reflow in
order realize the planar dielectric layer 1'.

The sole metailization level in respect of which it is not
necessary that a planar condition be maintained and in which a
conventional metallization is acceptable is the last one, in view of the
fact that the final passivation layer, also known as “Protective
Overcoat” or “PO", does not need photolithographic operations and has
no planarization requirements.

In conclusion, with the solution suggested according to this
invention, it is possible to realize multi-level metallization
semiconductor devices, while the track continuity is assured and the

possibility of short circuits between adjacent tracks is eliminated, with



19 hi gh pl anarizati on grade, higher than 80% and substantially limted by
the planarization grade of the initial dielectric PMO layer 1', which is
about 95% This high planarization grade is obtained by nmeans of an

al i gnnent tol erance of the photolithograpfic nasks substantially identical
to those required in definition of other circuit conponents, such as the
transistor gates. In addition, the suggested solution has no problem

connected with theg b@hériia‘%h?ié&é’,"{iéhé?fthﬁn B6%dnd él)b%fantigﬁgj GRitebpb! ens are

particularly encountered as the device mniaturization vances °and

consequent |yt hne Pk dioROGLARNY the 5! diibafc PARIYEMENLAich e ease, i

view of the fact that the conCerned p ogr aphi c “patt'erns are

realized on oxid i t &y . I The preferre iments of
this invention hgaegbgggeiﬁ' &hésﬂdﬁgfeaﬁa%@og %ragr%ikr O@F%\?grb{ya'ﬂfzgﬂgs)gﬁ%e been
suggested hereinbefore, hut it should expressly. be ungersto d that those
skilled in the Eﬁ?&gn(@gﬁt r@ﬁ‘éanﬁ?h@ &r Pg?égﬁgg@ﬁﬁ‘cc% %s,s”%??rﬁﬁﬂi’ so
departing from t.ge scope, of this icpventi on as . defined by the annexed

cl ai ns. identical 1o those required in definition of othercgirguilcomponents, 1 A

met hod of high planarization nmulti-level netallization for_
such as the transistor gates. In addition, the suggested solution has no

problem connected with the light reflectivity of a metal layer, which
problems are particularly encountered as the device miniaturization
advances and consequently the photolithographic resolution
requirements increase, in view of the fact that the concerned
;;hotolithographic patterns are realized on oxide dielectric layers.

The preferred embodiments of this invention have been
described and a number of variétions have been suggested
hereinbefore, but it should expressly be understood that those skilled in
the art can make other variations and changes, without so departing

from the scope of this invention as defined by the annexed claims.



seni conduct or devi ces which conprises manufacturing a first netallization
l.evel ; consisting of conducti-ve-tracks and contacts to a sem conductor

substrat e and”“ﬁﬁﬁi]f nber of metallization |evels subsequent to
the first one, E ““‘\H mwf conductjVve tracks and of contacts to the
under | yi ng rreta 1o evel* characterfzed in that manufacturing the
first nmetallization |evel I ncl udes the follow ng steps; - a
conformal deposition of a first layer (1) of dielectric material wupon the

whol e device to be netallized, said firgtAlMyer having a suitable
t hi ckness and the capability to reflow at a tenperature in the range of

800[err] C to 900[ err] C1. A method of h@htﬁlsﬁ:ﬂ&btnéd ﬁiiﬁtﬂPeOél :ﬂétaﬁf%bf?or{ £l ow
tenperature of said dielectric material (1 duration

sufficient to pl agahicdfadcts GRRRS! tvﬂﬁcﬂ a}‘,ﬁ’rﬁgﬁs]es) &?ﬁ rg,{rggdﬁ Cﬁ%w red by

the particular application, rocess in

whi ch, by utilizi ngta%zghéﬂevefs (9%@{%&.8%%?%%9&@% tr%@és a(lci)c%h{acgﬁnéq Bctric

photorespon5|ve resi st overpose I"ayer

I db hi f
Gl ceiri o mator ?Sﬁ%’%@%‘g‘%@ﬁ%%ﬁ mafiBRdy 3T dneer L masiche ¢ r st
netallization | ev%be!g second

phot ol i t hogr aphi ¢’ pr chégequ%nmufgﬁ r%@oq%?ra'siozqoﬁléasgng QE%WH& fragsse

configuration or t ot ore ponS| ve resist overposed to said
first layer (1) o?&g feF%@F?*Fé"RQ Y‘%H‘%@"Zaé'%s!%me@mr@ﬁt@m iBal |y

etching said first |ayer (1). of d| electri
21 that manufacturing the first metalhzatxon level includes the following

steps:

- a conformal deposition of a first layer (1) of dielectric material
upon the whole device to be metallized, said first layer having a
suitable thickness and the capability to reflow at a temperature in the
range of 800°C to 900°C,

- a thermal treatment at said reflow temperature of said
diefectric material (1'} for a time duration sufficient to planarize the
deposited layer (1) to the grade required by the particular application,

- a‘ﬁrst photolithographic process in which, by utilizing a first
suitable configuration or °pattem” of photoresponsive resist overposed
to said first layer. (1) of dielectric material and by selectively chemically
etching said first layer (1) of dielectric material, the trenches (2) related
to the tracks of the first metallization level of the circuit are defined,

- a second photolithographic process in which, by utilizing a
second suitable configuration or “pattem” of photoresponsive resist
overposed to said first layer (1) of dielectric material and by

subsequently chemically etching said first layer (1) of dielectric



material, the holes (3) related to the contacts to the subsLate of t he
first metal lization | evel of the circuit are defined
deposition of a layer (4) of nmetallic nmaterial on the wh IH

to cover said first layer (1) of diel ectrlf‘grraterlal the*y ’mmlj@’
the capability to" uhits

technique inparting to said netallic mater
fill any recess and to nake the surface as planar as possibl e, y a
chem cal back etch of said |ayer (4) of netallic naterial on the whole

device so as to agaateriek poskoleh ¢3)Fekaiaarto thé comiacts td thetsubatyge of (Ho firaf
dielectric material and realize a high planarization grade, said back etch

bei ng not stopped oetaliemtibh kel ahé dirdaCHeAefingd d first layer (1) of
dielectric material, but being extended for a pre-established tine

duration as an "over-et chy depoditid Wh:@g?s&)f afcﬁlef?ainctr'ﬂSteﬂSr’b&?he g

- a conformal deposition, on the whol nperat ure noet hi gher
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dielectric IT&'[EI‘I(;} ? it is carried out by utilizing
1) o dnelectrlc material and realize a high planarization grade, said

back etch being not stopped on reaching the surface of said first layer
(1) of dielectric material, but being extended for a pre-established time
duration as an “over-etch” on the whole surface of the device, and

- a conformal deposition, on the whole device, at a temperature
not higher than 450°C, of a second layer (5) of dielectric material,
having a thickness equal to the sum of the thickness of the separation
dielectric material required between the metal tracks of two adjacent
metallization levels and of the thickness required for the
interconnection metal tracks of the subsequent metallization level to be
manufactured:

said method being further characterized in that the manufacture
of the metallization levels subsequent to the first one comprises the
same steps and the same step sequ;ance as for manufacturing the first
metallization level, except for the deposition of said first layer of

dielectric material and for the thermmal treatment at said reflow

temperature of said dielectric material, and it is carried out by utilizing
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| ayer (1') of dielectric material is
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dielectric material on the whole device to be netallized, having a
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according to clai grdys characteri zed i n that sal d

3. A method according to claim 1 or 2, characterized in that
said dielectric material of the first layer (1) is “Poly Metal Oxide" (PMO)
or “Boron Phosphorous Silicon Glass® (BPSG).

4. A method according to claim 1, characterized in that said
suitable thickness of said first layer (1') of dielectric material is equal to
the thickness of the separation dielectric material between the
semiconductor substrate and the interconnection metal tracks and
further characterized in that manufacturing the first metallization fevel
also includes, after said thermal treatment at said reflow temperature of
said dielectric material, a conformal deposition of a third layer (1°) of
dielectric material on the whole device to be metallized, having a
thickness equal to the required thickness for the interconnection metal
tracks, and in that, during said first photolithographic process, the
trenches (2) related to the tracks of the first metallization level of the
circuit will be defined in said third layer (1°).

5. A methed according to claim 4, characterized in that said

dielectric material of said first layer (1') is Poly Metal Oxide (PMO) and



dielectric material of said first layer (1') is Poly Metal Oxide (PM) and
said dielectric material of said third layer (1") is Boron Phosphorous
Silicon dass (BPSG . 6. A method according to any one—of—the

precedi ng clains, characterized in that each of sai‘d chem cal e
operations provided in the first or second photol It m‘““‘“’ “ﬂg‘ S an
ani sotropic plasma assisted chenical et@@ or “pl asn'g g‘ﬁ

nmet hod according to any one of the preceding clains, *chérabterl zed |n that
said netallic material deposited upon the whole device is tungsten (W.

maerial s oi i ool anrl Refobof ARETH wRR o o PHtend Bl (W ©i ¢’

preceded by for .|.on @ | ayer of titaniumnitri de (Ti N)

9. A nethod accordl' és%f or 8, characterized in that said
deposition of a |ayer ), of tun sten essure chem cal
vapour deposi tion (LPC%/D)A method mi@"évg Wt%og@'&)ﬁﬁcﬁa’“ﬁodﬁmﬁ rone of
cl ai s 1-6, characterized in that said netallic material dep05| ted on

the whol e devi ceFREaGRzedim aheaspinald efgraicalalehieg ogeralionsghrguided

11. A nethod according to any one of the preceding clains,
in the first or Second photolithographic process is an anisotropic

plasma assisted chemical etch or “plasma etch’.

7. A method according to any one of the preceding claims,
characterized in that said metallic material deposited upon the whole
device is tungsten (W),

8. A method according to claim 7, characterized in that said
semiconductor material is silicon and said deposition of a layer (4) of
tungsten (W) is preceded' by formation of a thin layer of titanium nitride
(TiN).

9. A method according to claim 7 or 8, characterized in that
said deposition of a layer {4) of tungsten (W) is a low pressure
chemical vapour deposition (LPCVD).

10. A method according to any one of claims 1-5
characterized in that said metallic material deposited on the whole
device is aluminium and/or copper and/or a silicide.

11. A method according to any one of the preceding c_faims,
characterized in that said chemical back etch operation performed on
said layer (4) of metallic material is a high uniformity plasma assisted
chemical etch.

12. A method according to any one of the preceding claims,

characterized in that said deposition on the whole device of a second



characterized in that said chenmical back etch operation perforned on said
| ayer (4) of netallic material is a high uniformty plasm assisted

chem cal etch. 12. A nmethod according to any one omﬁﬁxemg
clainms, characterized in that said deposition on the vﬂm e of a
second W? ﬂll['ﬂ

diel'ectric material is a plasma assisted deposition of a layet es

effected at tenperatures not higher than 400[err]C. 13. A’nmet'hod
of high polarization nmulti-level netalli ZYion for seniconductor devices
according to any one of the preceding clains and substantially ad
descri bed and shown.

layer (5) of dielectric material is a plasma assisted deposition of a layer

of oxides effected at temperatures not higher than 400°C.

13. A method of high polarization multi-level metallization for
semiconductor devices according to any one of the preceding claims

and substantially ad described and shown.



