2191338 .- 1 - ETCH BACK PLANARI ZATI ON FOR DOUBLE METAL VLSI TECHNOLOGY
BACKGROUND, OF THE | NVENTI ON Thi s invention rel.ates tom t hods for
form ng nultiple conductive layers on a sem ¢onduet or yfgfsigngw d| ng

pl anari zati on bet ween conductive | ayers 12 Prior Art.
manuf acturing nmultiple ' AY, ' conductor
doubl e- net al gi nt egrgt edC&EﬁhéR‘£ ok """ A RrELE M S QTEEHNL
di el ect ri c-BAQKGROUND: OF MEHEIZNUERNTION bet ween the conduct ive | ayers to provide
i nsulation for the conducteve layers. Prior art nethods have inpl enented
the use of a variety eledibe" it Tndéhtddd.t hi cknesses of such materials as
di el ectric nedi um between the conauct Ive | ayers. The topol ogy was not of
serious consequen(%msntn\ienltmmdlytw@b pmio&gdngameasmd bomirngensi ty

*-
-

deV| ces, Gsuch as a ('.

proportions associ at ed th mul tipl e conduct.i ve | ayer
deposi t i ond & §T41 8 erfopn & §ﬁB FIRIBEERY §g§y fR¥r PFPE diRe

deposi tion pIﬁnﬁrﬁﬂ%&Bllﬁ%EeSQrwé@héVﬁel QUpérs. That is, the dielectric |ayer
needed to fill in the gaps and voi ds present on the surface of the

sem conduct or body2-af Pekort Aet¢ i rst conductive | ayer had been patterned and

hed d
ayor chul d bo dopreaiRkR ARG SRR IEyal WBILSIHEP T | ©

| ayer ensi creased, prror art
nmet hods coudevices,| aagkrag)aodoutdet-hetyll Antsgrated Odlraetembyuﬁmnztwm st ent

(rjg:c gg? !sl L;Wﬁg\?f%é?g{‘} | ”Xie'l cgrtc lglei'eglt %d todetpg&taeldl ggil:va;[elnoir:]he()f
conductive layers to provide insulation for the conductive layers.
%9' Prior art methods have implemented the use of a variety of materials (m\
10 and tﬁtdknesses of such matérizls as dielectric medium between the
conductive layers. The topology was not of serious consequence uﬁtil
recently when packaging reached high-density proportions.
A major problem associated with multiple conductive layer
depositions was the requirement for a smooth topology for the
15 deposition of a subsequent counductive layer. -That is, the dielectric
layer needed to f£ill in the gaps and voids present on the surface of
the semiconductor body after the first conductive layer had been
patteraed and etchéd so to provide a smooth surface whereupon the
subsequent conductive layer conid be deposited. As packaging density
_ gﬁi 20 increased, prior art methods could no longer provide the (
planarization necessary for consistent reliability. The present

invention is directed to the alleviation of defectp by.provlding a

Planarization process heretofore never.been attempted.



¢ . -

pl anari zati on process heretofore never been attenpted. - 2 - The present
i nvention.describes a process for form: ng .mul tiple layers on a

seni conduct or body. A conductive layer is first deposited on the

sem eonduct or body and then the conductive layer is 5 patterned and
etchétr Next a first oxide layer is deposited over the conductive |ayer

followed by a glass layer to fill in the+2enches and voids left by the
patterning of the conductive | ayer. Then the first oxide |ayer and the
gl ass | ayer &g RQ{'Q)F Happroxi mately the sane rate so that the
gl ass | ayer f es and voids but leaving only the first

oxi de | ayer above t Iher premedt pinvehtlth @ésdridepad ipeodes econdiorinivg | ayer. By
having the glass layer in the trenches and voids, a fairly snmooth surface

topol ogy is deHitinlsy lgKers &"sﬁ@@&%@’d’t""%‘é’é&ﬁdyox|Ad@°'f"é’3‘/"é?"? dajends fiestover
the first OXI‘fL%yer ﬁ%ﬁsaé §¥Hc%nd§&%’} nddy? 3 meheuféa coﬁ&m@detﬂ yarofk t he

second oxi de | owm ng a second con uctlve yer to make cont act
wi th the f5 r spatd¢ermhdc rnd cetichgdy . Nexha Ityrstaostadmddyenndudenmtbtamnﬁte

deposi ted a”dea%%é?{v%eﬁye% ftg{ owed r%lyl ta.l E{aessc ?sr.]ydel“{'c % Vﬁ lllaYn the ll'ecn%hes2 0
and voids left by the patterning of the conductive layer. Then the’
first oxide layer and the glass layer are both etched-back
approximately the same rate so that the glass layer f£ills in the

10 trenches and voids but leaving only the first oxide layer above the
raised portions of the patterned condnctive layer. By having the
glass layer in the trenches and Qoids. a fairly smooth surface
topology is achieved when a subsequent second oxide'layer is
deposited over the first oxide and glass layers. Then, vias may be

15 etched through the second oxide layer allowing for a second
conductive layer to make contact with the first conductive layer.
Finally, a second conductive layer is deposited and patterned to form

a multiple conductive layer device.

20



- 3 - BRI'EF DESCRI PTION OF THE DRAWNGS Figure 1 is a cross- sect i onal
el evati-on view of a prior art' seni conductor body showing a nultiple,

conductive |ayer device. Figure 2 is an expanded 'view of a portion of "
Figure 1 showing 5 a formation of a "forbidden gap”". Figure 3 is a ?w

Ccross-sectional
one prior-art nethod of achieving planariszzation by use of a glass |ayer

Figure 4 is a cross-sectional elevation view of an ideal glass deposition

for pl anargpaeki BESCHIPAYOR &F Imanﬁwmssect i onal

15 probl emencountered Im a prror art ylass deposition when conductive
| ayer thickness i-s non-uniform. Figure 6 is a cross-sectional elevation
vi ew showi ng anot her probl em encountered in-a prior art glass deposition

when conducti ve 25‘5“&'3%11 isin|cTese-sactionalelenation; yigwe of pspplor art
Cr 0ss- sectg %g@h: Véheo‘%ﬁ Oy ﬁgﬁg Lo &1% #%eero 835%% I nvention

i-ncl udi ng a
conductive | ayer. 20 -

5

10

15

20

20

I"ayer glass ayer

Figufe-z is an éxpanded view of a portién of Figure 1 showing

a formation of a "torbidden gap".

Pigure 3 is a cross-sectional elevation view ‘of 'a prior art
semiconductor body showing one prior art method of achieving

planarization by use ot a glass layer

 Figure 4 is a crosg-sectionai elevation view of an ideal

glass deposition for planarizationm.

Figure 5 is a cross-sectional elevation view_showingzbne
problem encountered in a prior art glass deposition when conductive

layer thickness is non-uniform.

Figure 6 is a cross-sectional elevation view showing another
problem encountered in a prior art glass deposition when conductive

layer thickness is non-uniform.

Figure 7 is a cross-sectional elevation view showing base

layers of the present invention including a bottom dielectric layer

and a glass layer formed above a first conductive layer.

el evation view of a prior art sem conductor body shomnnggvf
10

el evation view show ng one

ove a flrst

i

R



Fi gure- 8 is a cross-sectional elevation view show ng the etch-back
procedure of the present invention wherein the bottomdielectric and gl ass
‘hayers-are etched back. 5 Figure 9 is a cross-sectional’ el evation view
showi:ng t he deposition of.a top dielectric layer. Figure .10 is a
cro$s-sectional el evation view showi ng the 10 deposition of a second
conductive | ayer upon a planarized surface, . DETAI LED DESCRI PTI ON OF THE
PRESENT | NVENTI ON An invention is described which inhibits defects in the
formation of nultiPlenreoddistd \erobayssctiohad 6rstiataonUeidw shAed¥ndVthe

provi di ng planarization between the conductive layers. In the follow ng
descri pti orfteRaRael Rrocgdure qf Ibeaprasente inventign: wherrin Theghottasrific

thi cknessesgjeibEtrid P,:[ngr gﬁs%qaggggigpe %?EHQ&%LQ: .under standi ng of the

presgnt invention. W e obvious, however, to one skilled.. in the
art thatsthe present invention may be practiced without these specific
details. 1In other_instances, well-known processes have not been descri bed

in detail in orderFignre: 8 19 a crosessentilopadelavasioncvinw shaving ket i on.
PRI OR ART Fj qur illustrate typj cal prior art sem conductor device 10
havi ng a f'ideq%(?sg}#% He8i 5P éegﬁcggic&t E*11. A polysilicon region 13 on
substrate 11 provides a buried contact for device 10.

Figure 10 is a cross-sectional elevation view showing the

10 deposition of a second conductive layer upon a planarized surface.



15 An insulating layer 14 is then forned above substrate 11 and regions 12
and 13. A window (via) 15 is cut in insulating |layer 14 to expose substrate
11. Then a conductive layer 16 is deposited, patterned and etched to form
patterned sections 17-20 over insulating layer 14 and, in via 15. Next, a
dielectric layer 21 is deposited over conductive 20 |ayer 16 and a via 2&3ﬁ¥
Is-cut in layer 21 to expose a portion 52 Conducti ve | ayer 16. Firnally, a
-second conductive |ayer 23 is deposited over layer 21 and in via 22. This

i |1 ustrat DBTA HEEDVDESCREPTIONCOF PHE PRESEN®INVENTIONhe prior art. A problem
encountered 1n this prior art technique resrdes in 25 the formation of
dielectric layer 21. A dielectric |layer 21 such as - a CVD | ayer, - tends to
fol Il ow the t 0nol 9l 1Rber{ion 2UCEeSAIBYG! piforl IRTnils (B2ebS HPYRRLTY Of

t he devi ce shrinks, two common undesirable qualitires occur wthin the .
trench regofmatidnet msEtiplensondudtiveC Diers iotcal Senlcohfuctde voagesyrabl e
quality is shown in 5 trench 24 between conductive sections 17 and 18. - A
voi d in f8reykiing plamarizatipp betwgen,the (gandugtive clayexgpi nip dhe, gas or

i . : i | f i al
Gor ing o ESKEGelY. RAROFINeATRY hibidu Bpbllr (e uBRENIL pr B BEF RSN BREE ' @
format sonagf spudidie eR1cinRakkY, eEHIGESnt BRadiC t2prévide af thoFodlayi ce. 10

A second undesirable quality is shown occurring In trench 26 between _
conduct i vundexstanding ot rthe2 presanteilnveption.oi dt2¥ilk ehobmious,t hewehes.

Void 27 ' %0° §¥1£%E1528h{é”%heugih‘%%a&h%ng'S?ﬁ?%n_”??#éitxpnﬁmay be practiced

vithout these sﬁecific details. In other instances, well-known -

processes have not been described in detail in order not to
10 unnecessarily obscure the present invention.
o PRIOR ART
. Figure 1 illustrates a typical prior art semiconductor device
10 having a field oxide region 12 on é“bstrate 11. A polysilicon
region 13 on substrate 11 provides a buried contact for device 10.

15 An insulating layer 14 is then formed above substrate 11 and regions
12 and 13. A window (via) 15 is cut in insulating layer 14 to expose
substrate 1l1. Then a conductive layer 18 is deposited, patterned and
efched to form patterned sections 17-20 over insulating layer 14 and B

| lin_via 15. Next, i dielectric layer 21 is deposiied over conductive. ;.i

20 _iayer 16 and a via 22 is cut in layer 21 to expose a portion of
cénductive layer 16. Finally. a second conductive layer 23 is
deposited over layer 21 and in via 22. This 1llustration as well as
others are well~known in the prior art.

A problem encountered in this prior art technique resides in

25 the formation of dielectric layer 21. A dielectric layer 21 such as

“n



Y5, \oid 27 does not entrap gaseous material, but void 27 may present an
undesirabl e effect as conductive |layer 23 is-subsequently 15 deposited. An
¥xpanded dramnqg of a dotted-area 28 of Figure 1 showi ng trenhch 26 is
deplcted in Figure 2. As conductive |ayer 23 is deposited, patterned and
etch€d, a "forbidden gap" (termwell-known in the industry) 29 fornms in the
voigd 27. The gap 29 is a remant of 20 thg conductive |ayer 23 which did
not conpletely etch away due to the steep profile of void 27. The gap 29

connects cgn 3 en.n ac

separ at i ongoeﬁg |ohs€%"UPaﬁ:8 g"l?f? gégv\? 1°3¥h3* e‘?‘@r éx"’?ﬁ %ﬁgg‘é‘f prior
art procesiay &maf hS et 'gRoREEF P 6T QHéldédi%% s Pi dlss ,aRdo f &dmlodden gaps,
cause rellab|I|ty 25 failures and result in |ower nmanufacturing yields. The:
probl em i sundesl nabdroqueckictias demaenuphtkatjmgresclummhebetweqnheectmes
bet ween conductive sections becone narrower and i s especia

pr onounced ®fhEt® Wé“??’e‘?ﬂ:ﬂ‘ﬂ%thqrce Oys ppdgsizable t"ﬁ“t}l’ragri% %@Poﬁ% One
method gn Qi‘gé‘f]ﬁe) 4 u'ge { Yo RF'I: eOfse}.‘.Q%&L?s alr;,dé“? f.dden 9809 1inS ghim SEPOL N

or planarize Patet opol ogy prior 10 depo i'ng a second con uctive

layer. In &i putsle3 25006rkd wdithfi ttrentht D@ der¥rapbeii@rdi4i,Ngad Nér woLb8GRe I OF
to depositing a second conductive |layer is shown. A substrate 40 having a

field oxi dSuekggntiraphenhdoay pasuktl imofhacrelsasanderentiragpedstateriag | ayer

43 s during a subsequent critical step, but even without such release, the

formation of bubble 25 greatly reduces the reliability ot the device.

W 10 A second undesirable quality is shown occurring in trench 286
between conductive sections 19 and 20. Herein open void 27 is shown
" in trench 28. Void 27 is open at the top, unlike the closed bubble
25. Void 27 does not entrap gaseous material, but void 27 may
present an undesirable effect as conductive layer 23 is subsequently
15 deposited. .
An expanded drawing of a dotted area 28 of Figure 1 showing
trench 26 is depicted in Figure 2. As conductive layer 23 is
' deposited, patterned and etched, a "forbidden gap" (term well-known
in the industry) 29 forms in the void 27. The gap 29 is a remnant of
20 the conductive layer 23 which did not completely etch away due to the
stéep profile of void 27. The gap 29 connects conductive sections 30
and 31 Qhen in actuality a éomplete separation of sections 30 and 31
is desired. Theratore; in a typical prior art process, two of the
more serious qualities, voidg and forbidden gaps, cause reiiability
25 failures and result in lower manufacturing yields. The problem is
more pronounced as denser packaging is used whergin the trenches

between conductive sections become narrower and is especially



shown. "These formations, as well as the cutting of a via 44 and patterning

of subsequently dep05|t|ng a conductive layer 45, are 10 equivalent to the
procedures of formng a patterned conductive layer in F|gure 2. Next, a

spin-on-glass (SOG |ayer 46 is deposited above the fill i'n trenches 47, 48

and 49 between the conductive |ayer segnents. 15 The SOG | ayer 46 prevent\g
the formati on of bubbles and steep voids, sfairly smoth surface 51 or
subsequent second conductive |ayer 52 for rrat ion. Deposition of dielectric

Iayer 50 | ec non he S n t he mar ket hi ck enough
to forma stan&ggﬁ‘gn‘é’e %E%Gtﬁ‘eaﬁ? rgit%&%ﬂ‘ﬁ °‘bﬁﬁﬁ°&et3nu'é‘hre%t Pg‘é’“s'
dielectric |ayer.odb titnoa wrém%maelﬂwrbsmi@wd Yo1SHBLdS and o8biddenant
probl em energes as a result of using SOG | ayer 46. Wen via 53 is 25 cut
to expose tunastlscmmqtheoraymmzesm |srdncd Gtopplogpopeibn tot he area of
via 53. *1& sed BOG in via 53 will|l rel ease gases frdmretained

a

noi sture’ ﬁFn' % fecopd jeonduntive (1agafysi dpFiedre, 3, org RrdRZ BTt ve
layer 53. JOgiaal 8k Cp I%Jivi %'ﬁi@ersu% && 0&91‘3‘351:3Oéeﬂs@@gﬁ#sé‘tée(?:?nﬁm now

precl udes fornmati on pr OVI I ng a connectl on ween ti1rst and
second conchmincttve alayen. 14 siscwn.abAcssbdtmitieodotimingsat 0iéid loxidet he
trenches with SOG , yet |eave the top 5 portions of conductive |ayer 45

free of SOBEen dhmentseburied cantactg42 mnderdying Haeylpting ayleradd 1s
deSIrabIe éﬁgy% t'@ﬂeséMya ﬁkgiégk as well as the cutting of a via 44 and

. patterning.of:subsequently.depositing a~qonduct1ve layer 45, are

10 ‘equivalent to the procedures of fbrmin’g a patterned conductive layer \/

in Pigure 2.

Next, a spin-on-glass (SOG) layer 46 is deposited above the
lower lgyéfs. The liquid property of the SOG causes SOG ;ayer-46 to
£111 in trenches 47, 48 and 49 between the conductive layer segments.

15 The SOG layer 46 prevents the formation of bubbles and steep voids.
A deposition of dielectfio layer 50 above S0G layer 46 results in a
fairly smdpth surface-§1 or subsequent second conductive layer 52

- formation. Depositién:of dielectric layer 50 is necessary bhecause
none of the SOG on the market is thick enough to form a stand alone

20 gjelectric and fuither,-conductive layer 52 must be isolated from SOG -

"layer 46. If conductive layer 52 is deposited directly on 800 layer
48, SOG layer 46 will not provide an effective dielectric layer.
Althouzh surface topology is fairly smooth, a significant
- problem emerges as a result of using SOG layer 46. When via 53 is
25--cu£”to expose first conductive.layér 45, S0G layer 46.1g.exposed.1n
the area of via 53. The exposed SOG in via 53 will release gases

from retained moisture and contaminate via 53 during deposition step '

L 5}
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‘ECG | ayer .60 only fills in trenches 61, 62 and 63 between sections of
conductive |layer 64 fornmed on insul ating-layer 59 and substrate 58. 10 The
fop surfaces 66-69 of conductive |ayer 64 are exposed for subsequent via
formati on-when Vias are cut in dielectricglayer 70.. However, such an idea

cond¥tion is not, readily achieved thrqugh S osition_or etching nostl

f oy t|qe_foP?oﬁﬁﬂﬂ3°$2§§cﬁéyﬁ’nkgenfkhﬁfage?%w qg?bgs a&ﬁ%ﬁT,4ﬁa?TQ¥¥4Pﬁggﬁf Y
under | yi NOp} 21521 20k A5t n8e bﬁa%uesefwfaq%apby-vﬂ;fa.erzﬁi05 vil@hg! Pns of
conductive layer 64 wll be at different elevations as shown by top

surfaces GEekitedtiohi hetweeh fRegtrandngetondicpndestiveindyerst hasdekigailas
sem conduct of Figqure 4. In_ Figure 5 the SOGis forned to expose 20 top
E**ﬂﬁé@@rg péflg

s then ds,t8 Ao Lhp ctesmebsps REth £90, Yot Jeayer the 199 ¢ o

surface 66.

be over exDasetl i o UekihieR198 AYES95"Plod Be0808XAE5 Bllnghailly w8 FI OUre

6, surfaces and 69 are properl’y exposed but surtaces re

over exposedustiug.t hat side-walls 71 and 72 are exposed above SOG | ayer 60.
Therefore, a sinple SOG deposition, as 25 well as etching, will not produce
the ideal result &Lewre|4 ghows Just guchhre dasdmshle oonddtiom, Mhgxetn jan -

nvention 137 STEFcoD: S HETHY A dnenehie e PRy, Wi Bopten SRpPLERTY:
present i ngesiddtival 1oy6r fear s¥AidAonC1ASL M¥1AES14fer 58 and substrate 58.
10 The top surfaces 66-69 of conductive layer 64 are exposed for
subsequent via formation when vias are cut in dielectric layer 70.
e : However, such an ideal condition is not readily achieved through SOG
deposition or etching m°stly for the following reason.
~ In semiconductor tabrication. patterning of underlying layers
15 resulted in severe topography. Therefore, portions of conductive |
layer 64 will be at different elevations as shown by top surfaces
: 66-69 in Figure 4. Referring to Pigures 5 and 6, these figures
represent dgpoéition and etching in ditférent S0G thicknesses of the
semiconductor of Figure 4, 1In Figure 5, the SOG is formed to expose
20 top surface 88. However, the proper exposure of surface 66 causes
surface 68 to be overexposed and surfaces 87 and 69 not to be exposed
at all. 1In Figure 6, surfaces 67 and 69 are properly exposed but
surfaces 66 and 68 are overexposed such that side-wals 71 and 72 are
exposed'ﬁbove 80G layér 60;. Therefore, a simpie SOG deposition, as
25 well as etching, will not produce the ideal result of filling in all

- of the trenches shown 1n_Figure 4.




conductive sections and high density packaging of the device. 5 The
present invention has been denonstrated to conductive heights of up to 1.1
m crons and trench spacings of |ess than 2 m crons between conduct or .
segnents. Planarized dielectric over such | arge conductor 't hi ckness and .

such smal [ trench spaci ngs have not been achi eved effectlvely by prior art™~
.10 t echni ques. Referring to Figure 7, a field oxide region 81 dand buried
contact 82 are formed on substrate =88, preferably silicon. An.insulati ng

layer 83 is fornmed above substprateyBendmdTaegi ons 15 81 and 82. A via 85

is next cut in layer 83 to expose substrare 80. Subsequently, a. first
conductive layer 84 is deposited, patterned and etched over layer 83 and in

\él a 85. Up to this SOI NFigurbe ?-lepﬂl&ggragentﬂp\eapréashhmf g,gél éetﬂi’l or art

i scussion in regard . to these.| ayers n t he nown

prior art processes Aayentdon ey %@%ﬁg‘ﬂ SofToRy E?rf\ée &&et?ﬁg‘“

first conductive | ayert84 'Ihacpﬁelsentstinue:mma aliomtfotlvamablle ¢hidimess of
description of the draus t ?Haé ovi de

an 25 I mpr ovenent 5\%@ &ﬁVé srdicglr'&%%ﬁ&gi%?% rg?%' I'n %?H E’tf ur e%va{e

bottom di el ectriZ | ayle present d@pmﬁlpadwébbw @ﬁ@oﬂsémedl aqaosqu such

that all conductive |h%i§ﬂts'36§tdﬁ3il§ 199- Ritrehe éiﬁV@Eéﬁéhaéﬁciﬁ@Bbe&sg%t%ﬁ are

filled by dielectric er -8 The dielectric | ayer. 8 erfo S an,
initial filler and al UX 615’7%’ P‘i‘fe‘f’ gnedts, PLeRar cad 8 ec e
‘over such large conductor thickness and such smalltrench
. spacings have not been achieved effectively by prior art
10 techniques. =~ o o L -\

Referring to Figure 7, a field oxide region 81 and buried
conitact 82 are formed on substrate 80, preferably silicon.
-An 1nsu1at1ng layer 83 is formed above substrate 80 and reglons
15 81 and 82. ‘A via 85 is mext cut in layer 83 to expose-
substrate 80. Subsequently, a first conductive layer 84 is
deposited, patterned and etched over layer 83 and in via 85.
Up to thls point, the steps are similar to the earlier prior
art discussion in regard to these _layers 80-84. Any of the
20  well-known prior art processes may be used to provide : -
foundation layers below the first conductive layer 84 and the
structure is not limited to the description of the drawing. \J
It is apprec:.ated that subsequent steps prov1de an
25 zmprovenent over the prior art. Still referring to Figure 7,
‘a bottom dielectric layer 86 is deposited ‘above the lower
- layers 80-84 such that all conductive layer sections 90-93
‘are covered and trenches 94~97 are filled by dielectric
layer 86. The dielectric layer 86 performs as an
30 initial filler and also cushions SOG layer 87



w

- 10, - which is next deposited. The preferred enbodi‘nent uses a chenical
vapor deposition (CVD), nore specifically a plasma silicon oxynitride
Jdeposi tion, at -approxi mately’ 350-450 degrees C to a thickness of -
appy oxi nat el y 8000- 10000A. The plasma oxynitride of the preferred 5
embddi nent has a refractive index of approximately 1.73 - 1.83. Although
tlhe preferred enbodi nent uses a pl asna-ashanced CVD deposited oxynitride,.
many di elvadlch ¢s ' ' be (. e,a

Fomper at Ur e OVE oo debae PRl " TH ErosStEds AroRinBh SpE"a MOMBY) ) g
provi des wpd® depagitipop(€WDY,amer&8spdeitibel by af plisnh aihadonbsiynitOLdé
froma 108 famly of Acugl ass kerr] manuf actured by Al lied Corporation.
The SOG i‘?"&é%é‘?‘!e&tbyl’a“m 81% 9P 1450ndeanaesnfi to }Abigkness f step of

appr ox! i dPe A0 dABAL ADoK, DO Gl o bRE, 4R EPLSe PP 3RS, pllfertali N9, 1S

done in a’l Ine téchnique usin ren
gases Bucdmbodimént A@eNa P alct vl einiexd of TipridxiakEers 10773t hey HIG | ayer 87
wi || depend on the topology of the underlying | ayers. After the deposition

of |ayer Alghously the preferied epbodinment; uses & Plagwetenhasseft S¥Dcess as

h . . . 0 5 | ¢ ; . d
Tn thi s SORRHEEed oxpiiaFldd, Sy " SRIEEL BhearIBaBAN T HBHE @R B8, 67
fills in ldwepressieand41&v denbefdturd @¥DLSEiqp®.CYD | ayer 86 left is above

conductive |layer sections 90-93. To mmintain the planarization of surface
88, the . ' The SOG of layer 87 flows into trenches 94-97 and provides a

. 10 smooth top surface 88. In the preferred embodiment, SOG is from a
-/ 108 family of Acuglassqy.manuractured by Allied Corporation._ The SOG
-is deposited by a double-spin technique whicp has a baking step of
approximately 190-220 degrees C between the two spin phases. The
baking is done in a in-line technique using ambient air, although
15 other neutral gases such-as nitrogen may also be used. The thickness
of the SOG layer 87 will depend on the topology of the underlying

layers.
After the deposition of layers 86 end 87, both layers are
etched in an etch-back process as shown in Figure 8. The eritical
20 element of the present invention resides in this etch-back technique.
U The etching must proceed so that'SOG layer 87 fills in the trenches
94-97 but only the bottom CVD layer 86 left is above conduetive layer
.sections 90-93. To maintain the planarization of surface 88, the
etch rate.of SOG layer 87 and bottom CVD layer 86 must be
2.5 approximately equal. The preferred embodiment uses sulphur

hexafluoride (SF6) as an etchant in the etch-back process ¥

back approximately 5000-7000A.



etch rate ‘of SOG | ayer 87 and bét t om CVD | ayer 86 nust be 25 approxi mately
equal . - The preferred enbodi ment uses -sul phur hexafluorlde (SF6) as an
etchant in the etch-back process and etches back approXi mately 5000- 7000A.

10 DEC 1990 Figure 9 illustrates the next step of depositing a top —

dielectric |ayer 89 above |ayers 86 and 83,t0 insul ate subsequent |ayers

from SOG | ayer 87. I'n the preferred enbo iment, an undoped Iom/tenperaturéf

silicon oxide glassg,is_d t enper at ures. of appr.oxi mately
400- 420 degrees C ?333"? eé)gaﬁgggr’o%sczgﬁr%W@PW’?M%EM E@Perrl ng
to Figure 1f4iefedtirdcI%ayer @8 abivd AR yabd b@%ﬁ%ﬁ“f‘& &tsﬁ'lﬁté Wted ﬁén@nd 89
to expose first conductive |ayer section : secon conductlve ayer

i s then depdsydrs txbmv80G Aayers8710 Inathe mre\tlear% éRtodigentd)itaiC andoped
section 91. _ Note that a planarized surface 88 s achlevedgyéet t he SOG

does not mahev piRFPeratuEs fiiddeon; oxide gl1oes ds denemited by QR et By

th f Lati
" Condust | saaraisidel; 6F rrokle A 400 4 SELELL € BTk ERRUR OF, O
yet nalnta|apﬂibxﬂﬁgaaayl150041000611hough t he présent inventi-on describes a

preferred enbodi nent using 'specific materials and paranmeters, such may be
vari ed w t hin 't he Redpering ttlt?eﬂmﬂloonl via 98'is cut in Apacﬁn&rbgttom

dielectric layers 86 and 89 to expose first conductive layer section
91. A second conductive layer 99 is then_deposited above_layer 89
10 gnd in via 98 making contact to section 91. Note that a planarized ~
' gurface 88 is achieved, yet the SOG does not make physical contact
vtth'vii-esibr conductive layer 99. By using the processing steps of
ithe_presenf-invéntion, significant-variations'in'conductive layer
thickness may occur along with narrow trench spacings, yet maintain
15 planarization. = | |
"Although the present invention describes a preferred
embodiment using specific materials and parameters, such may be
varied within the scope of the invention. ' " Also, most
prior art semiconductor foundations may be utilized and the present

20 ipvention is not limited to the actual layers specified. One

'1mprovéﬁ§nt'of:the invention resides in the ‘etch-back of a glass and \_J

- bottom dielectric layer to achieve planarization. Further, the
process may be employed for subsequent conductive layer deposition
and is not:limifed to a double metal process as is expounded in the

25 preferred embodiment.

Thﬁs. 2 novel method for provldtng planarization in a -
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prior-art sem conductor foundations may be utilized and the present 20
invention is not limted to the actual |ayers specified. One inprovenent of
dhe Invention rgsides in the etch-back of a glass and bottom dielectric
IayeT to achleve pl anari zation. Further, the process may be enpl oyed for
sub?@Quent conductive |ayer deposition angbls not limted to a double netal
process as is expounded in the 25 preferred enbodi ment. Thus, a novel

‘et hod f or mpltipXE rROnphetEve Aayepredniconductorl devisdl ty mbenfwl&kh\lﬁaéxﬁyer
sem conduct or device by using an etch-back process on a ectric |ayer
and a gl as®TPESRY s 2qdieleqiddc layer and3a_glgisal Miver 1s deecpthmlass for
formng nultiple |ayers on a sem - conductor body conprising the steps of:
depositing a first conductive |ayer on said sem conductor body; 5

form ng said first conductivelayer such that openings are forned between
patterned sections of said first




conductive |layer; depositing a first dielectric layer on said first

conductive | ayer; 10 , " depositing a glass layer on said first
dielectric layer; ‘etching into said first dielectric |ayer and said gl ass
| ayer such that both said layers etch back in an approxi mately equal rate®:

) :*

S depositing a second dielectric layer on said first dlelectrf-w-
| ayer and said glass | ayer; whereby a snooth planarlzed surface i's achi eved

for deposition of subsequent |ayers. 2013 - 2. “The pr.ocess. as defi ned by
Claim1, wherein said first dielectricgl has a refractive index between
1.73 - 1.83. 3.. - The process as defi ‘c'aim2. wherein said first
dielectric |ayer ikedepds praFesg f&“cf@l’ﬁﬂ-@&l"’”&&*ﬂ#’ dayrrsi en ghsemi~ (CVD)

t echni que. 4. Tr}_e_,,-,gﬁ@g&sggd;scg,ﬁﬁﬁg he dtapsoF: wWherein said gl ass | ayer
12 2 5 The process. as dReRPHAG Terss ﬁp%duqreﬂw et e BN e
semiconductor body;
5 . forming said first conductive layer such that cpenings
are formed between patterned sections of said first
conductive layer;
depositing a first dielectric layer on said first
conductive layer;
10 _ depositing a glass layer on said first dielectric

layer; S-f

;\;;fQ :';;- etching into said first.dielectric layer and said
o . glass layer such that both said layers etch back in an

- _ N .apﬁrdximately equal rate;
5;2 18 depositing a second dielectric layer on said first

dielectric layer and said glass layer;
whereby a smooth planarized surface is achieved for
deposition of subsequent layers. - '

20 2. The process as defined by Claim 1, wherein said first
dielectric layer has a refractive index between 1.73 - 1.83.

3. The process as defined by Claim 2, wherein said first
dielectric layef is deposited by a chemical vapor deposition
25 {CVD) technique.

4. The process as defined by Claim 3, wherein said glass
layer is a spin-on-glass (SOG) and depusited by a double-spin
‘technique.
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Yi's achi eved by using sul phur hexal l uoride. 6. The process as defined by

Cl ai m'5, wherein said second 5 dielectric layer is an undoped | ow

4 enperature dielectric deposited by said CUD technique. 7. The process as
‘def Fed: by Caim6, wherein said first conductive l-ayer - has a- t hi ckness
of ¥p'to 1.1 microns. 10 8. The process as defined by Claim7, further

I ncl udi ng the steps of cutting a MAndOM/I both of said dielectric |ayers
to expose said first conductive |ayer and ﬁepositing a second conductive
ayer in said window 16 fhoclBE & AeRified oy bl Dunhal N dina RelRl Sai d
semi conduct or body further includes a silicon substrate i? process -
as defi nediBsyacdiigvedoby weingi sulpiur dkxstiwbrideconducti ve | ayers are
conprised of netal layers. 11. A process for formng nultiple conductive
| ayers on a sem conductor body conprising the steps of: depositing a first

conductive | aver o Sthd HUTEENLFBldy P Blaph Y MVAGeSB) S Shgona

conductive layer such t eni ngs are
5 dielectric layer is an undoped lou temperature dielectric deposited
by said CVD technique.

7. The process as defined by Claim 6, wherein said first

conductive layer has a thickness of up to 1.1 microns.

Y '10
8. The process as defined by Claim 7, further including the
steps of cutting a window in both of said dielectric layers'tn-expnse said
first conductive layer and depositing a second conductive layer in
said window.
15
9. The process as defined by Claim 8, wherein said
semiconductor body further includes a silicon substrate.
10. The process as defined by Claim 9, wherein both of said
Y 20 conductive layers are comprised of metal layers.

11. A process for ferming multiple conductive layers on a
seniconductor body comprising the steps of:
depositing a first conductive layer on said semiconductor
. 25 body;

forming said first conductive layer
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formed between patterned sections of said first conductive |ayer;

depositing a first oxide [ayer on'said first conductive layer and filling
sai d openi ngs; idepositing a spin-on-glass (SOG |dyer on said first oxide 5
| ayer; etching said firts oxide and said SOG | ayers, wherein both said ™%
| ayers etch-back at an approxi mately equals rate such that said first oxideds

and SOG | Sali i d ppenings bet ween,sai d. patterned sectiops and said
first oxi ?/eoqﬁgg‘/eir’éh%g gﬁg€°er°ae r?f%'éjtf_nﬁo?fi %ﬁi%%fﬂgs‘é‘?'ﬂ‘“ﬁgif 8r TSecti ons
depositing a secodébdmiitifg | @VQrseodiied 1876F MR EA1MAYEFSE conlthéfihve® 1WyBFOW
in said first and second oxide |ayers to expose said raised portions of

sai d patt esndeditbing ontd opgndagsing a second conductive |layer in said

wi ndow, 15 : ereby a snooth planggjized surface is achi eved between
sai d two conduct i?&pq\gg{%ﬁ‘%.‘ f?i?'%’e‘%&cgéé&bsl‘défi.ﬂ'éosw ELEst, oxide

wherein sai"&e;.i.rst oxi de .| ayer is deposited hy a chem cal vapor deposition
CvD tec?mi que, '20 said first oxide |ayer having a refractive index of

approxi mately 1. 7@tchihgSsaid) firktroiidehatlineit GOGapRYevE,"wherein both
8000- 10000A. 13. The process as defined by Caim 12, wherein said SOG
| ayer is RAddslererspetghubank Atspn ppproxingteliheaual remisucl thay spdd

between SnfydeOby ol dpdolbl GaRER EEA YT pdilngs' B RAC Sa1a%n fllrddd b
' _sections and said first oxide layer lies above a raised portioan of
10 said patterned sections;
depositing a second oxide layer on sald etch-back layers; - \/
eutting a window in said first and second oxide layers to |
exposé said raised portions of said patterned sections;

' depositing a second conductive layer in said window;
15 whereby a smooth planarized surface is achieved between said

two conductive layers.

 12... The process as defined by Claim :11-. wherein said first
oxide layer is deposited by a chemical vapor deposition CVD technique,
20 gsaid first oxide layer having a refractive index of approximately

1.73 - 1.83 in a first thickness of approximately 8000-10000A.

13. - The process as 'det:l._ne_d, by Claim '12, wherein said S0G
layer is deposited by .a double—-spin .téchnique having a baking step
25 petween spins of said double-spin technique.

14. The proceas as defined by Claim 13, wherein said
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. 16 etch-back of said first oxide and SOG | ayers i s approxi nately

5000- 7000A. 15. The process as defined by C aim14, wherein said second 5
oxi de | ayer is Yeposited by said CVD techni que and having a second

t hi.tkness ‘of approxi mately 7000- 10000A. 16. The process as defined by daim
15,~mherein said first conductive |l ayer has a thickness of up to 1.1

m crons. 10 17. The process as defined-b}6 € ai m 16, wherein sai d openi ngs
bet ween said patterned sections of said first conductive |ayer are | ess

than 2 M Cr3Rf-pdek g4l RLQC of | ne ' 7,
wherein saieg Pi rst ooxti 31?a§/%'%ti gIg(?epﬁé‘grrgagi ﬁ’é’g‘% %é;yaﬁ’lp?%fgéﬁdég osited
enhanced C\#0opbegbodsiue at a tenperature of approxi mately 350-450 degrees C.
20 19. The process as defined by Caim 18, wherein said etching

i s achi eved by a sul phur hexafl uoride based etch. 20. . The process as

defined by daim1l ejn sai d_secand Qx] | gyer,is.a | ow t erature

silicon oxide gl asgs'd\(,avg‘géi %g%“l%ﬁ 3;%%@ﬁge{r’g&}lﬁzx'opa%ﬂ%i?ﬁ:ﬁ%@sﬁﬁﬁ'—' 20

degrees L. oklde TdferP'1BCaEFoATedEDY Gl dD Y VD! EddhniQue W WaR1f@i &l seond
thickness of approximately 7000-10000A.

16. The process as defined by Claim 15, wherein said first

conductive layer has a thickness of up to l.IImicrons;

17. The process as defined by Claim 16, wherein said
openings between sald patterned sections of said first conductive

layer are lesé than 2 microms.

15 . 18. The process as defined by Claim 17, wherein said first

oxide layer is a plasma silicon oxynitride deposited by-feen

degrees C.

: S LN
20 19. The process as defined by Claim 18,_ipé§§tnféiiaﬁgéahing

is achieved by a sulphur hexafluoride based etch.

20. Thg process as defined by Claim 19, wherein said second

"oxide layer is a low temperature silicon oxide glass deposited in a

25 temperature of approximately 400-420 degrees C.

21. The process as defined by Claim 20, wherein said SOG

[
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“
- 17 - layer is baked in an air-anbient in-line baking process. 22. The i
process as defined by Caim20, wherein said SOG | ayer. i s baked in a T
"nitrogen in-line baking process. 5 23. The proces$ as defined by daim21
or Oaim22, wherein said sem conductor body further includes-a.silicon ™%,
substrate. 24. The process as defined by O aim23, wherein said 10 R

conductive |ayers are conprised of tal layers. 25. A process for formng -
a conpl enentary netal - oxi de seni contfuCtor (CMOS) double netal device,

conprising the stepsyed is Haked in an ddRO&IBieAY id-1ires bakRigaprdcr¥el on said
sem conduct or body; form ng said first metal |ayer such that openi ngs are

formed between patterned sections of said first nmetal |ayer; utilizing a
chemi cal vapor dep@2i tThenproCes® asedéfiingdcby20laim 20 p whiep=ini said S0Est oxi de

| ayer having a fir aﬂ}ﬁf 89%8 Qﬁf% and a
refractive inpdex o?g%ép#;?%m ﬁat e]?{/ 1 géérgghginl)ﬁsea P%r t | ayer

depositing a?spin-on glass (SOG |ayer on said first oxide Iayer said SOG
l'ayer deposited by23, dnebhecess ts’Befined 1HC OTUiGHI21 Y CIWEnD2K] RbePdieP

bet ween spins of saigd dou i n C ue an aV|n baki
tenperature of appF8id ﬁﬁ‘ﬁ?"%ﬁ%ﬁb‘xﬁ' [5]? rcmc es a"di1lcod subStrate.

24. The process as defined b_y Claim 23, wherein said
10 conductive layers are comprised of metal layers.

25. A proéess for forming a complementary metal-oxide | v/
semiconductor (CMOS) double metal device, comprlsmg the
steps of: _
15 dep051t1ng a first metal layer on sa1d semlconductor
body ;
forming said first metal layer such that openings are
formed between patterned sections of said first metal layer;
utilizing a chemical vapor deposition (CcvD) technique
20 - to deposit a first oxide layer having a first thickness
of approxmately 8000-10,000A and a ‘refractive index of
approximately 1.73-1.83 on said first metal layer
depositing a spin-on glass (SOG) layer on said first
: oxide layer, said SOG layer deposited by a double-spin
25 technique having baking step between spins of said double-
spin tecl'hique and having a 'baking temperature of appfoximatey
190-220 degrees C;
 etching back said first oxide and SOG layers, wherein both
: -said layers etch-back at an approximately : equal rate such
30 that said first oxide and-SOG layers fili_ said openings
between said patterned sections and said first oxide layer
lies above a raised port:.on of said patterned sections;
cuttmg a window in said first oxide layer and said
SOG layer to expose said raised portions of said
35 patterned sections;

* [ L M S *

. gy ®ew



!etchi ng back said first oxide and SOG | ayers, wherein both said | ayers

'et ch-back at an approxi mately equal rate such 30 that said first oxide
@nd SOG | ayers fill said openhings between said patterned sections and said
first,.oxide layer lies above a raised portion of said patterned sections;
cut*_t.fh‘ng a wndowin said first oxide layer and said SOG | ayer to expose
sal d rai sed portions of 'said 35 patterned sections; depositing a
second metal |ayer in said window, WAEreby a snmooth pl anarized surface is
achi eved between sai d geBodRiRE o 3@ me"_tal la e@Gm ggfd Q}iﬁ&ﬁﬁs as defined
by Caim25, wherein s m cond ct her c[udes a silicon
substrate. 27. The proé’ég‘ée of STeP gaﬁ'ﬁﬂlt’-éb %ﬁ‘r’ei’-§ &&eni - conduct or

body substantial | y. abetheerisabéftawemetad clayleed. 10 with reference to the
acconpanyi ng draw ngs. 15 20 :

5 26. The process as defined by Claim 25, wherein said
semiconductor body further includes a silicon substrate.

27. The process for forming multiple lﬁyers on a

semi-conductor body substantially as hereinbefore described
10 with reference to the accompanying drawings.
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