SEM CONDUCTOR PLANARI ZATI ON PROCESS © 22049 9 4 BACKGROUND OF
THE INVENTION 1. Field of the Invention. The invention relates to the

pl anari zation of glass |ayers.used'in sem.conductors. 2. Prior Art. d ass
| ayers are frequently used in the fabrication of seniconductor integrated

circuits. For exanple, these insulative l-ayers are used in 9AAQ
met al »oxi de- sem conduct or ( .urc(fuﬁ. ts over_polysilicon nenbers &K.u 9634
i nsul ate them from overlyin . M&-ﬁ-ﬁ&%&ﬁ—l»,m i 2L ayers of netal

i nes. When a glass layer is depasited over underlying nenbers an

undul at i nmgwf%éﬂﬁnmqﬁgdl ts. Wien a netal layer is forned on this
surface, several problens occur which are a direct result of the

non- pl anari zed suf f aga14F8¢ tmstiavegtisi.r €ss cracks can occur in the netal
at abrupt corners and voids beneath the netal. An early solution to this
probl em consi st edThe imgehdiwmgetlhtegl trs Shleaptanafizegt ipe sof wipasi LryerSee

U. S. Patent g; 225,_44_2.- L.t is not always possible to reflow the glass |ayer.
This refl #H%8088 FIGHPOUFHR St sufficiently planar surface for overlying
metal layers in nany gpigeesses. Another solution to this problemis to

pl anarize (e.g., flatten) this glass surface through etching. In one
technique a . Glass layers are frequently used in the fabrication of

semiconductor integrated circuits. For examnle, these insulative
layers are used in metal-oxide-semiconductor (MOS) circuits over

P polysilicon members to insulate fhem from overlyiné metal lines, and
between layers of metal lines.

When a glass layer is deposited over underlying members an
undulating contour frequently results. When a metal layer is formed
on this surface, several problems occcur which are a direct result of
the non-planarized surface. Fgr instance, stress cracks can occur in
the metal at abrupt corners and voids beneath the metal.

An early solution to this problem consisted of reflowing the
glass layer after its formation. See U.S. Patent 3,825,442. It is
not always possible to reflow the glass layer. Tnis reflow does not
provide a sufficiently planar surface for overlying metal layers in

~ many processes. |

Another solution to this problenm is to planarize (e.g.,
flatten) this glass surface through etching. In one technique a
spin-on-glass is formed on the surface. The spin-on-glass, because
'of the spinning during formation, provides a planar surface. Then a
plasma etching step is used which etches away both the spin-on-glass

and deposited glass until a planar surface of the deposited glass is

reached. This technique is described in "A Planarizg;ion.Procé§sﬂfor

s N




spin-on-glass is forned on the surface. The spin-on-glass, because of the
spi nning during formation, provides a planar surface. Then a plasnma etching
step i.s used which etches away both the spin-on-glass and deposited gl ass
until a planar surface of the deposited glass is reached. " This techni que
is described in "A Planarization Process for - 2 - Double ‘Metal CMOS
Using Spin-on-Adass as a Sacrificial Layer! by Elkins, Reinhart and Tang.
| EEE V-M C Conference, June 9-10, 1986. For other uses of spin-on-glass,
see U. S. paimet Mdloal £MB377U4 D SHinconeGlApplaiscat SodriFdcial Dipyerd78y234,
Filed June 3, 1986, entitled ETCH BACK PLANARI ZATI ON FOR DOUBLE METAL VLSI,
and assi gi&inse Rednmacdi gpdeTaia .t HEFRr Bl Condenenan. JrRe PridediPBE.

above r oo RERar altas P, Spi ¥ on K aBENHRR VR ThRPTRY, MR BRPSY i%8nar 18R on
process fQle Upp1idatfth GaPiadLaNd.0B70f 234, Filed June 3, 1986, entitled
ETCH-BACK PLANARIZATION FOR DOUBLE METAL VLSI, and aéstgned to. the
assignee of the present invention.

: 'The pfesént.inveﬁtion i# an imprdvement'on the process -

described in the above-referenced article.

@,



sem conductor integrated circuits is disclosed. A glass layer is [err] with
a spin-on-glass layer. The glass layer is then cured in atnosphere of steam
ien the tenperature range of 600 to 650 degrees [err] the layers are wet
etched using an etchant of hydrofluoric acid and nitric acid diluted with

acetic.acid. ° -4 - BRIEF DESCRI PTION OF THE DRAWNGS Figure 1 is a
cross™sectional el evation view of a substrate which includes polysilicon
circuit nenbers covered by two layers of glass. Figure 2 illustrates the
substrate of Figure 1 after a glass_rffIOM/step. Figure 3 illustrates the
substrate of Figure 2 after a spin-on-glass has been forned and cured.
Figure 4 illustrates the substrate of Figure 3 after a wet etching step.
- 5 -

SUMM3. ¢ OF THE INVENTION

A planarization process for use in the fabrication of

_semiconductor integrated circuits is disclosed. A glass layer is

cer:: -1 with a spin-on-glass laver. The glass laver is then cured in
ar .4 .i;phere of steam in the temperature range of 600 to 650 degrees

~
¢

ihen the layers are wet etched using an etchant of hydrofluoric

v acid und.nitfic acid diluted with acetic acid.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON A process for planarizing a glass

| ayer such as used during the fabrication of a netal -oxi de-sem conduct or
integrated circuit is described. In the follow ng.description, numerous
specific details are set forth such as |ayer thicknesses in order . to

provi de a thorough understanding of the present invention. It wll be )
obvi ous, however, to one skilled in the-art that the present invention ngy
be practiced without these specific details. [In other instances, '
wel | - known processi ng steps have not been described in order not to
unnecess RRIEY BRI IPT TON O B BRA¥ENGHt i on in detail. Referring to Figure
1, a substrate 10 is shown along with two pol ycrystalline silicon -
(polysilicon) or refractory metal circuit nmenbers 12. This cross-section is
intended to shovrigurgpiiCcad dMIEPoskFEetidHATTRNEYa tiRd viiBw Do 38kt rate

n- channel or CMOS processing. The. invented planarization process can be
used ovemwhiph imclardegi RQlY=ildconwhi ténictamenbe hsteowereleby etwredavaresefised
in the plgnarization process. The circuit nenbers 12 are covered with a
glass | aP%¥3. In the currently preferred enbodiment, layer 13 is a
chem cal vapor deposited (CVD) boron silicate glass. By way of exanple,
this glass |ayer nay be 4000A thick. In the currently preferred enbodi nent,
a dual gl ass st rRigturee2i 1 xs8tca tasdtiae corhditngt g, ofa Figooadl gifass hagbasslsd s
deposited qver layer 13. The second | ayer conprises a CVD boron and.
phosphor §€fLPYi 8&iPe gl ass approximately 1.5 microns thick.

Figure 3 illustrates the substrate of Figure 2 after a W/

spin-on-glass has been formed and cured.

Figure 4 ilJlustrates the substrate of Figure 3 after a wet

etching step.



This dual glass layer is not, however, necessary for the present invention.
As shown in Figure 1, the upper surface of |ayer 14 includes nunerous
abrupt contours such as shown.at 15.- Generally, these - 6 - contours
result fromthe glass |ayérs covering edges of underlying circuit elenents
such as the polysilicon nenbers 12. If a metal layer is forned on |ayer 14,
‘the abrupt contours, as nentioned above, can cause problenms. Wen doubl e
netal |ayers are used it is even nore iﬁp%Ftant that the upper surface of

| ayer 14 be relatively planar. In the currently preferred enbodi ment, the
structure of Figure 1 is subject to a reflow step as is conmonly used in

the serm QBTAILERDESCRILTION OFTABESUMANTINN is placed in a furnace and the
tenperature raised to cause the glass layers to reflow The tenperature at
which reflow occurs is a function of the particular glass used. For

purposes  of - i | | UStgrdlek88. £ P1haY LI Hinkd adBladd! 1lyeFi UL ak LSedrAurghgWn as
a single layer 16 in Figure 2 after the reflow. Note the upper surface 17

of |ayer the fasritatdogeaf e meaal ook Sid-zanitaydrctdbs. intdgrapedceimmiteden
~after reflow, the
described. In the following description, numerous specific details
are set forth such as layer thicknesses in order to provide a
thorough understanding of the present invention. It will be obvious,
however, to one skilled in the art that the present invention may be
o/ ' practiced without these specific detaiis. In other instances,
well-known processing steps have not been described in order not to
_unnegeSSarily obscure the present invention in detail. _

Referring to Figure 1, a substrate 10 is shown along with two
polycrystalline silicon (polysilicon) or refractory metal circuit
members 12. This cross-section is intended to show a typical MOS
circuit commonly used in p-chaﬁnel, n~channel or CMOS processing.

The invented planarization process can be used over any underlying
‘layers which can withstand the temperatures used in the planarizafioq
process. .The circuit members 12 are covered with a glass layer 13.
In the currently preferred embodiﬁent,,layer 13 is 2 cheﬁical vapor
deposited (CVD) boron silicate glass. By way of example, this glass
‘layer may be 4000A thick. In the currently preferred embodiment, a
dgal glass structure is used, and accordingly, a second glass layer
14 is deposited over layer 13. The second layer comprises a CVD
boron and phosphorus silicate glass approximately 1.5 microns thick.
This dual glass layer is not, however, hecessary for the present
invention.

As shown in Figure 1, the upper surface of layer 14 inciudes

numerous abrupt contours such as shown at 15. Generally, these



contours of the glass |layer are abrupt enough to cause problens with
overlying netal |ayers or, planarization of overlying |ayers such as the

i nsul ative | ayer used between overlying netal |ayers. Wth the present
invention, a spin-on-glass layer 19 is fornmed over the surface 17, Any one
of nunerous conmercially avail abl e spin-on-glasses nay be used such as . ohe
of the inorganic spin-on-glasses. Layert 19 is on the average 3000A thi cb
in the currently preferred enbodi nent. Since the spin-on-glass is in fact
spun-on its upper surface is flat. Now the spin-on-glass is cured in an

at nosphere of steamat a tenperature of between approxi mately 600 degrees C
to 650 degeentouds ThStslt:Lfrriomgtheckkaas flaperst ctivegingteiges bifeusqertyanggl ass
i n subseque lhc‘g{o SSI n Now_t he substrate is dip Eed’ in .a wet

et chant whf ?'é‘fﬂ% éf‘&'ﬁe%s bEheh pefEsthigpnoegbersy g dhdkrPefitdg gl ass
layer 16 aj,$die 13288rhéd @n myér W@S%\ée%hhﬁ %ﬂ@@ﬁ @aw ﬁ.e;f?hém abpve,

structure of Figure 3 and results in the relatively f at surface
in Figure dan Tdaasei protllemsst r ze¢nirdoudfll c Fngle 13 viess eiichaededown i dviene 20a
shown in F*éggfﬁmgorgght %ﬁa?ftﬁéaﬂgﬂéi surggé2“3¥a%§;Zr]1Jnﬁ%rg21§¢ively
planar.
In the currently preferred embodiment, the structure of
Figure 1 is subject to a reflow step as is commonly used in the
semiconductor industry. -  The substréte is placed in a furnace and the (_}
temperature raised to cause the glass layers to reflow. The
temperature at which'reflow'occurs is a funection of the particular
glass used.' For purposes of illustration, the lavers 13 and 14 of
Figure 1 is are shown as a single layer 16 in Figure 2 after the
reflow. Note the upper surface 17 of layer 16 has more gentle
_cohfours fhag layer 14. In practice, even after reflow, the
contours ot'the:glass layer are abrupt enough to cause problems with
overlying metal layers or planarizatiod of overlying layers such_as.
the insulative layer used between overlying metal layers.
ﬁith the present invention, a spin-on-glass layer 19 is . -
formed over the surface 17. Any one of numerous commercially.
available spin-on-glasses may bhe used such as one of the inorganic
spin-oﬁ—glasses. Layer 19 is on the average 3000A thick in the
cﬁrréntly preferred emhodiment. Since the spin-on-glass is in fact
spun-on its upper'surface is flat.
Now the spin-on-glass is-cured.inwan atmosphéré of steam at #
temperature of between approximately 600 degrees C to 650 degrees C.

This curing'reduces the etching rate of the spin-on-glass in

subsequent processing.



Tayer 16 is etched away | eaving a thickness of approximately 1 mcron on
the substrate. Wth the etchant described below, this requires an
approximate 3 mnute dip with. the ‘etchant at roomtenperature. To obtain a
1-to-1 etchant selectivity between |layers 16 and 19, a nixture of
hydrofluoric acid, nitric acid, diluted in acetic acid is used. By way of
exanple, one part by volunme of hydrofluoric acid is nmixed with 10 parts of
‘nitric acid in 25 parts of acetic acid.7The acetic acid does not assist in
the selectivity, but rather is used to dilute the solution and to prevent
etching of the wafer back. Thus, a planarization process has been descri bed
which is particul aNoy thefsibsitontel bnarippedgim aglwes SesehdnaC @hdtels porecferabdy e
pol ysilicon menbers which receives a first netal |ayer. CLAIMS 1. In the

fabri cati on®5¢hes athcdheurtigyoprekafiared BriUivinsaehrstdegerolb at the
pl anari zi nggg, gl 485, | a}‘ﬁ{s e L0 G 1ELEPSnaQTu%eCQI’e{He”%tf{%ﬂu@ 35
| ayer with a spin-on-glass layer; curing sard spin-on-glass [ayer 1n an
at mospher e gfgefeBranieieilol Ag st he1dyevsly akebyrfadd 20ashawd 1@l ass
| ayer is forned. . . o _
Figure 4. That is, the structure of Figure 3 is etched down to line
20a shown in Figure 3. By way of example, approximately 1 micron of
léyer 16 is etched away leaving a thickness of approximately 1 micron
on the substrate. With the etchant described below, this requires an
N o approximate 3 minute dip with the etchant at room temperature.
To obtain a 1-to-l1 etchant selectivity between layers 16 and
-19, a mixture of hydrofluoric acid, nitric acid, diluted in acetic
acid is used. By way of example, one part by volume of hydrofluoric
acid is mixed with 10 parts of nitric acid in 25 parts of acetic
acid. - The acetic acid does not assist in the selectivity, but rather

is used to dilute the solution and to prevent etching of the wafer

back.

' Thus, a planarization process has been described which is
particularly useful for planarizing a glass surface disposed above

polysilicon members which receives a first metal layer.



2. The process defined by Caim1 wherein said curing occurs at a 1
tenperature of approximtely 600 degrees C to 650 degrees C. 3. The

process defined by Claim2 wherein said wet etching conprises the use of f
hydrofluoric and nitric acids. 4. The process defined-by Claim3 wherein ‘
said acids are diluted. 5. The process defined by Claim4 wherein said _
acids are diluted with acetic acid. 6. The process defined by Clains 1 om:ﬁ
wherein said glass layer is heated to-a8sufficient tenperature to cause

glass reflow prior to covering said glass |layer with said spin-on-gl ass

| ayer. 7. In the fabrication of a sem conductor integrated circuit, -9

- aprocess for planarizing a glass |ayer which is-forned:-over underlying
polysilic hpgbers conprising the steps of: covering said glass layer with

a spin- onggﬁass | ayer; curing said spin-on-glass |ayer in an atnosphere of
steam at a tenperature or approximately 600 degrees C. to 650 degrees C. ;

wet etching said layers with an etchant whi ch etches both said | ayers at
approxi mately- t hel sarke t}m gfabrication of a semiconductor integrated circult.

a process for planarizing a glass layer comprising the steps of:
covering said glass layer with a spin-on-glass layer;
pCE

curing said spin-on-glaqs layer in an atmosphere of steam’

wet etching said layers;

whereby a planarized glass liyar is formed.

W
2. The process defined by Claim 1 wherein said curing occurs
at a temperature of approximately 600 degrees C to 650 degrees C.
3. The process defined by Claim 2 wherein said wet etching
comprises the use of hydrofluoric and nitric acids.
. 4. The process defined by Claim 3 wherein said acids are
diluted.
o/

5. The process defined by Claim 4 wherein said acids are

diluted with acetic acid.
6. The process defined by Claims 1 or 3 wherein said glass
layer is heated to a sufficient temperature to cause glass reflow

prior to covering said glass layer with said spin~-on-~glass layer.

7. In the fahrication of a semiconductor integrated circuit,

A



qhereby a planarized glass layer is formed. 8. The process defined by Caim
wherein said wet etchant conprlses hydrofluoric and nitric acids. 9. The

Srocess defined by Claim8 wherein said acids are diluted in acetic acid.

10. The process defined by Clainms 7 or 9 wherein prior to covering said

gl ass bayer with 'sai d spin-on-glass |layer, said glass layer is subjected to

an elsvated tenperature so as to cause glass reflow 11. In the

fabrication of a sem conductor integrated circuit, a process for

pl anari zing a glass | ayer substantialfy as hereinbefore described wth.

referenece to the acconpanying draw ng.

a process for planarizing a glass layer which is formed over
underlying polysilicon members comprising the steps of:

covering said glass layer with a spin-bn-glass layer;

-euring said spin-on-glass layer jn an atmosphere of steam at
a temperature or approximately 600 degrees C. to 650 degrees C.;

wet etching said layers with an etchant which gtches both
.said layers at approximately ‘the same rate;

whereby a planarized glass layer is formed.

8. The process defined by Claim 7 wherein said wet etchant

comprises hydrofluoric and nitric acids.

9. The process defined by Claim 8 wherein said acids are

diluted in acetic acid.

10. The process defined by Claims 7 or 9 wherein prior to
covering said glass layer with said spin-on-glass layer, said glass
layer is subjected to an elevated temperature so as to cause glass

o/ reflow.

circuit, a process fogz ﬂii.u' g a glass layer substantislly as

e to the accompanying drawing.
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