ETCHANT TECHNOLOG CAL FIELD The present invention relates to an
etchant and nore particularly, to an etching treatnent agent used for fine
treatment .of insulating filmsuch as silicon oxide or the like at a high
speed and uniformty in the manufacturing process of sem conductor

devi ces. BACKGROUND ART In association with the tendency for

i ncreasingly higher degree of high gebgdfyeti on and higher capability of
integrated circuits in the wet process of the manufacturing process for
sem conductor integrated circuits, cleaning, etching, and patterning of a
waf er surface and a finely-manufactured surface wth higher cleanliness,
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semiconductor devices.

BACKGROUND ART

In association with the tendency for increasingly higher
degree of high integration and higher capability of integrated
circuits in the wet process of the manufacturing process for
semiconductor integrated circuits, cleaning, etching, and
patterning of a wafer surface and a finely-manufactured surface
with higher cleanliness, higher precision, and more advanced
performance are becoming more and more iﬁportant.

Both a solution of hydrogen fluoride (HF) and a mixed solution
(buffered hydrogen fluoride) of HF and ammonium fluoride (NH,F) are
applied for the purpose of cleaning and patterning as a surface
treatment agent for fine surface treatment indispensable for this
process, but in order to acquire submicron ultra high integration,
progress of the high performance and high capability is increasingly
required. Further, although the wafer currently in themainstream
is 8 inches, it is predicted that the wafer will be 12 inches by

the year 2000.



t he year 2000. ) 1 The wet
etching nethod for a wafer in the mainstreamis a batch nethod for putting
25 to 50 sheets of wafer into a cassette soaking the whole cassette into
an etching bath, and subjecting the cassette to etching treatnent.

Further, a cassette-less type of cleansing nethod is enployed for

preventing dragninygl 8rchhy'hBfnod for alWerba! ¢ fRENAdidseeehhicdsalove
has an advantage in high throughput because of enabling concurrent etching
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In that a | OngTﬁ'llen%altséhr ?n%'f:'h%%d dfe%rc:rti%%d above has an advantage in high

throughput because of enabling concurrent etching onto a large
number of wafers, but has a disadvantage in lowuniformity of etching
within each surface of the wafers. This low uniformitf is more
noticeable when a wafer size is larger, and when it is 12 inches
in future, it is conceivably difficult to obtain etching uniformity
within the surface of a wafer in this current batch method. In
addition, the difficulty will be more serious in accordance with
more progress of a fine device.

And for this reason, in order to enhance etching uniformity,
a single wafer processing type etching method in which an etching
solution is supplied onto a wafer being rotated has been considered.
This method has an advantage in enhancement of the uniformity, but
has a disadvantage in that a long time is required for the
throughput.

Namely, the buffered hydrogen fluoride solution (BHF) having
conventionally been applied is prepared for application usually
by mixing 40 % NH,F and 50 % HF in various mixing ratios (such as
inarangeof 400 : 1 to 6 : 1), and etching speeds to silicon oxide

film by this BHF are in a range from 27 nm/min to 115 nm/min.



t hr oughput . Nanely, the buffered hydrogen fluoride solution (BHF)
having conventionally been applied is prepared for application usually by
m xi ng 40.% NH4F and 50 % HF in various mxing ratios (such as in a range
of 400.: 1 to 6 : 1), and etching speeds to silicon oxide filmby this BHF
are in arange from27 nmmn to 115 nmmn. - :
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Such an enormous time is unrealistic for a line of mass-
production facilities, and in order to introduce é single wafer
processing type etching method into the line of mass-production
facilities, the treatment time for one sheet has to be reduced.
Herein, what level of the treatment capability is required for the
cut sheet type thereof may be decided through designing of the entire
semiconductor manufacturing process, but it is required, at least
in order to make throughput maximum, to make wafer passing between
devices for treatment smoother so that a retention time is made
minimum. For the purpose of that, at least the same level of
treatment capability as that of a dry etching device is required.
The current single wafer processing dry etching process has
the capability of etching onto silicon oxide film having a thickness
of 500 nm to 1000 nm by around 25 to 30 sheets/hour. Accordingly,
an etching solution having the capability of treatment at etching
speeds in excess of 200 nm/min is required.
However, the conventional type of -etching solution, of which

etching speeds are so quick, dissolves and separates the resist



devices for treatnent snoother so that a retention tinme is nade m ni num
For the purpose of that, at |least the sane |level of treatnent capability
as that of. a dry etching device is required. The current single
waf er processing dry etching process has the capability of etching onto
silicon oxide filmhaving a thickness of 500 nmto 1000 nm by around 25 to
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descri be i ! h etching treatnment agent which can etch an insulating
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etch an insulating film with high speed without giving damage on
a resist pattern.

Namely, the object of the present invention is to provide
an etching solution enabling treatment with realistic throughput
when the insulating film etching process in the semiconductor
manufacturing process is replaced with the single wafer processing
etching treatment method. |

Further, another object of the present invention is to provide
an etching treatment liquid for preventing the surface of a

semiconductor from its roughness after etching.

DISCLOSURE OF_ THE INVENTION |

An etchant according to the present invention is applied for
the purpose of etching treatment onto insuiating filmwith a resist
as a mask formed on a substrate, contains 8 through 19 weight %
of hydrofluoric acid and 12 through 42 weight % of ammonium fluoride,
and has hydrogen ion concentration of io*J through 107*** mol/L.
Further, concentration of the hydrofluoric acid is set not less

than 15 weight %.



when the i nsulating filmetching process in the sem conductor
manuf acturing process is replacéd with the single wafer.processing etching

treat ment nethod. ~ Further, another object of the present invention
is to provide an etching treatnment liquid for preventing the surface of a
sem conductor fromits roughness after etching. DI SCLOSURE COF THE
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i nvention is wer ght % of a surfactant.
invention is 0.001 through 1 weight % of a surfactant.

BEST MODE FOR CARRfING OUT THE INVENTION.

The etching liquid according to the present invention
contains 8 thorough 19 weight % of HF, further contains 12 through
42 weight % of NH,FF, and has hydrogen ion concentration of 10"""
thorough 107**°* mol/L.

The conéentration of HF as well as of NH,F is set within the
range described above, and etching speeds to, for example, silicon
thermal oxide film can be set to 200 nm/min or more by adjusting
the temperature in the etching solution. Also, by adjusting the
hydrogen ion concentration within a range from 10~°:° through 107®
mol/L, the resist separation during the etching treatment can be
prevented, and also a resist film-reduction speed can be suppressed
to 50 nm/min or less. As a result, it is possible to make minimum
an error of dimensions of a pattern on the insulating film due to
the separation of as well as the thinner resist and to enhance
uniformity on the wafer as a whole, so that a high yielding rate
of devices with higher performance can be achieved.

It should be noted that crystals may be precipitated in the



BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The etching liquid.
according to the present inventi'on contains 8 thorough 19 wei ght % of HF,
further contains 12 through 42 weight % of NH4F, and has hydrogen ion
concentration of 10[err] thorough 10[err] nol /L. "The concentration
of HF as well as of NHerr]F is set within the range descri bed above, and
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to 45 °C or more, extremely high-speed etching can be realized.
The etching solution according to the present invention can
be prepared by mixing NH,F solution NH,0H solution or NH, gas with
HF solution in a specified ratio, and adding water or the like
thereinto, to adjust the concentration and pH.
The etching solution according to the present invention can
easily be obtained by mixing, for example, a 50 weight % HF solution
with a 50 weight % NH,F solution so that HF will be 8 through 19
weight %. |
It is desirable to contain a surfactant in the etching liquid
according to the present invention, and 0.001 through 1 weight %
thereof 1is preferably contained therein. Addition of the
surfactant in the liquid allows roughness on the surface of a
semiconductor exposed after removal of insulating film to be
suppressed. Further, when a pattern is finer, the etching liquid
is hard to wet the insulating film, so that etching uniformity may
be reduced, but addition of the surfactant thereinto allows the
wet capability to be improved, thus the etching uniformity being

enhanced.



heating the solution, and the tenperature in the solution of 45 [err]C or
less will hardly affect the reduction of the resist filmthickness.
Especial ly, by setting the hydrofluoric acid concentration to 15 weight %
and heating the solution up to the tenperature of 35 [err]C to 45 [err]C
or nore, extrenely high-speed etching can be realized. The et ching
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enhancecLydrocarbon sections may be a straight c§1a_1n or a structure having
branches. And also, it is especially preferable that at least two
types among those three types of surfactant are mixed and that any
of the types is selected for application depending on the
concentration of NH,F and HF.

The etching according to the present invention is treated
as described below as an example.

The etching solution according to the present invention is
heated up to a specified temperature so that crystals are not
precipitated if it is necessary, sends the heated liquid to a nozzle,
and supplies it from the nozzle onto a rotating wafer. The etching
solution is supplied while the nozzle is moved between the center
and the periphery of the wafer, so that the solution is supplied
over the whole wafer. Also, the shift of the nozzle may be omitted
by using ar. one-dimensional nozzle having a length by a radius of
ihé wafer.

Further, it is preferable that a megasonic-ultrasonic
oscillator is provided in the nozzle and the etching liquid is

supplied while ultrasonic waves in a range from 500 kHz to several



It should be noted that the effect described above is hardly obtained with
a rate of adding thereinto the surfactant of 0.001 weight %or |less, and
the sane effect is obtained even with the rate of 1 weight % or nore.

As a surfactant, aliphatic amne (Clerr]Herr]NHerr] ; n =7 - 14),

-al i phatic carboxylic acid (Clerr]Herr]COOH; n =5 - 11), and aliphatic
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range from 500 AksHé <t:8n %\:/J%r? Iof irradiation of ultraviolet rays, the wafer
is ;rradiated with, for example, a UV lamp (220 to 320 nm) for 10
to 20 minutes under the condition of 5 to 15 mW/cm?.
Also, high- temperature baking is executed preferably in an
N, or Ar gas atmosphere for 10 to 30 minutes at the temperature of
110 to 250 °C. The baking temperature is more preferable to be 210
to 240 °c.
The etching solution according to the present invention can
be applied for etching onto insulating film such as silicon oxide
films containing P, B or As, oxide film such as tantalum oxide,

and plasma silicon nitride film or the like in addition to silicon

thermal oxidation f£ilm.

Embodiments

Described in detail hereinafter are embodiments of the

present invention.

(Embodiment 1)

In this embodiment, in order to make clear a difference in



7 MHz are irradiated onto a wafer. Wth those operations, etching
speeds are even nore increased. As resist treatnent before etching
is treated with the etching 1liquid according to the present invention, it
is preferable to irradiate ultraviolet rays onto a wafer after devel opnent
of the resist, and then to subject the wafer to high-tenperature baking.

Wth thoserapes ass @tchihd isbTutieduebnpbsitien;astbhingrvas upareseddut and
finer treatment can be applied with high uniformty. As a condition
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The resists of various types of patterh having each width

of 0. 5 um, I um, and 10 um respectively were exposed to light,
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and developed, and then subjected to post-bake treatment, for 30
minutes at the temperature of 130 °C. It should be noted that, for
an etching solution having a pHof 2.4 or less, after the development,
the resist was exposed by ultraviolet rays (8W/cm®) for 15 minutes
using a UV deuterium lamp, and high-temperature baking was executed
to the resist in an N, atmosphere for 15 minutes at the temperature
of 230 °cC.

This resist was soaked in etching solutions each having a
different composition and at a different temperature for 2 minutes,
and an etching speed (nm/min) to silicon thermal oxide film and
a resist film-reduction rate or the like were examined. Table 1
indicates the result. The resist film-reduction rates in Table I
are obtained in relation to OFPR800, but substantially the same
result was obtained with TSMR8900, so that TSMR is omitted herein.
Peeling off the resist was herein observed with a microscope, and
a film-reduction rate was measured with an optical film thickness

gage.



present invention. (Enbodinent 1) In this enbodinment, in order to
make clear a difference in 8
effects of- etching solution conposition, etching was carried out a batch
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5 0 {<0.8 300 | 1000 483 1000 724 1000
5 20 3.6 950 0 1986 0 2958 0
7 15 2.4 1290 0 2235 0 3316 0
7 20 3.8 1380 0 2400 0 3613 0
7 35 4.4 1250 0 2256 0 3200 0
8 5 <0.8 960 1000 2012 1000 2850 1000
8 10 1.6 1460 100 2530 |* 300 3230 1000
8 12 1.8 1600 10 2780 10 4200 15
8 15 2.1 1750 0 3215 5 5360 5
8 35 4.2 1570 0 2750 0 4912 ]
8 42 4.4 1420 0 2012 0 4570 0
10 <0.8 666 1000 1094 1000 1608 1000
10 <0.8 1396 1000 2337 1000 3578 1000
10 10 1.0 1978 1000 3303 1000 5475 1000
10 15 1.8 2233 5 3872 10 6251 10
10 18.5 2.4 2251 0 3783 0 6200 0
10 20 3.2 2185 0 3818 0 6122 0
10 24 3.6 2100 0 3639 0 6146 0
10 28 3.8 1959 0 3407 0 6008 0
10 32 4,0 1810 0 3164 0 5294 0
10 40 5.0 1760 0 2516 0 4623 0
15 20 <0.8 3750 1000 6495 1000 10377 1000
i5 24 i.8 3817 5 6381 10 10541 10
15 27 2.0 ~— 6350 5 10341 5
15 27.8 2.4 —~— 6258 0 10079
15 35 3.6 3026 0 5435 0 9315 0
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and an etching speed (nmmn) to silicon thermal oxide filmand a resist
filmreduction rate or the like were exam ned. Table 1 indicates the

result. The resist filmreduction rates in Table | are obtained in
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according to the present invention can realize high- speed etching,
and in addition, the resist separation does not occur at all even
on a fine pattern, and the film-reduction rate is extremely small.

In addition, in a case where the concentration of hydrofluoric
acid is set to 1 5 weight % or more, etching can even more be speeded
up, an etching speed of 1 #m/min or more at the temperature of 45 °C
can Be obtained and also the resist film-reduction rate be
suppressed, which provides us the fact that the etchant is

extremely excellent.

11



10

0
5294
0
6495
5
2.4
35
10
30
7130
1000
1.8

1000

Tabl e 1°
wher e cr stals were precipitated at the
t he S|g

peel ed of f,
1. 0 [err]n1or
nm i ndi cat es B copeeniy@tedame r
is evident from Table 1,
pr esent
resi st separati on does not occur at al
filmreductionlPate is extrenely smalP.

10128 ?6863 2adpdithles G HEHic. the Hiip-rele

' 28

3.8 1959 0 3407 0 6008
10 32 4.0 1810 0 3164 0
. 0 10 40 5.0 1760 0 2516
. 4623 0 15 20  <0.8 3750 1000
1000 10377 1000 15 24 1.8 3817
10541 10 15 27 2.0
trhibodiment 2%6350 5 10341 5 15 27.8

3 ¢ Inthis example, asgg%sist&)g neQativeh%&?& resist (OMA83)
1 Broduceasbyzﬁ'o%cy%%)f} was used, and g%aﬁarlyoto 1ﬂﬂ1§6d1m5ﬁ@ 1,18

eobechR§ g e ke oo gl -4538c15i0Epe 6 crflinedlon

tidh 8raf@d0are000
12647 1006 17514

1000 _..10006 .1Q 5900 1000 In
a"@g@r |r|?tjt %r? c?ffla%oetcéh rate indicates a case

correspondi ng tenperature. Al so,
where a 0. 5 [err]mresist pattern was
¥) indicates a case where a resist pattern of

peel ed f The fil mreduct] aylng 1000
Fscopgentzabione v & %é% §é§§£ As

it is found that the etchantratecfmu)ng to the
| NVENTTON can reali ze hign- speed etching, and in addition, the
even on a fine Pg&éern, and the

15
0

E%f&%étéﬁaﬁSIB 6420,

E i cates a case
and the sign (%
| ess was

10 5 1000
10 10 1000
10 15 15
10 18.5 5
10 20 0
10 24 0
10 28 0
10 32 0

As shown in Table 2, substantially the same result as that
of the positive resist is obtained in the case of the negative resist
as well, and for this reason it is understood that the etching
treatment agent according to the present invention has also less
solubility to the negative resist.

{Empodiment 3)

In order to examine an effect of a surfactant, each silicon
wafer was soaked in each of etching solutions heated up to 35 °C
for 10 minutes,

and surface roughness of each silicon surface

exposed when silicon oxide film etched. Table 3 indicates the

12



In addition, in a case where the concentration of hydrofluoric acid is set
to 15 weight % or nore, etching can even nore be speeded up, an etching
speed of 1 [err]nmmn or nore at the tenperature of 45 [err]C can be
obt ai ned and also the resist filmreduction rate be suppressed, which
provides us the fact that the etchant is extrenmely excellent.

( Enbodi rrygtnld). In this exanple, as a resist, a negative type resist
(OMR83) produced by Tokyo Cka was used, and simlarly to Enbodi nent 1,

separation of gy ineShst aaBdreabthnt ﬁl@étlﬁizkwh:é e Rl &H‘;‘X&m r@ﬂlgco'f)@«b' e 2
i ndi cates the resuit. The filmreduction rates are . obtained at the

| i quid tig{maer 8hUae Mb14P f&%i&‘is ddi¥fdl-Eo?bach of thE AVIWHY s¥1ltions

NH[ err] F concentration Filmreduction
gate ("M various &ﬁoﬁss concen%gatlons. O1t should ?8 notedOWat an 10

1000 : .
18 5 atomil? force mlifoscope yﬁ?“%sed for measuremeqﬁ;B% the surfhce

0 24 0 10
28 rdHﬁhness Ra. 0 10 39
0 own in Table 2, substantially the sanme result as that of

t he posiﬁlve resist is obtained in the case of the negative resist

HF concentration NMH,F concentration Addition (ppm) Surface

Roughness
Ra(nm)
8 35 200 0.15
8 35 0 0.55
10 20 400 0.16
10 20 0 0.52
15 20 400 0.17
15 20 0 0.49
18 30 300 0.16
18 30 0 0.55
19 31 300 0.17
19 31 0 0.61

As is evident from Table 3, it is found that an initial value
(0.15 to 0.17 nm) for each surface roughness after the soaking can
be maintained by adding a surfactant to the etching solution, and

that surface roughness can also be suppressed by the surfactant.

INDUSTRIAL APPLICABILITY

With an etching solution of the present invention, when
etching is applied onto oxide film on a surface of a silicon wafer
with a photoresist mask formed thereon, etching speeds onto the

13



as well, and for this reason it is understood that the etching treatnent
agent according to the present invention has also less solubility to the
negative resist. (Enbodi nent 3) In order to exam ne an effect of a
surfactant, each silicon wafer was soaked in each of etching solutions
heated up to 35 [err]C for 10 m nutes, and surface roughness of each

si | i conpxiidleae €1 mexdro pRdavheaved !t Qo 00nh ffihAi dmeireat. thie kletipdriattireat es
t he 12 result. Herein, as
a surfagifags “dgndivd ¥ianahikbe mdré atr iRk kenpleratd rd 6f ubH e depdading N an
equal nmolar ratio is added to each of the etching solutions in various of
1 1S CONGNLRA icpodilt idipul d be noted that an atom c force mcroscope was
used for neasurenent of the surface roughness Ra. (TABLE 3) HF

concent | at i on Heeddu RN eGP end i 092 (BRBInaSI0ObGhinutes was

Roughness

8 . : 1 :
35 required £3% etghlng by S%Qggn?cﬂﬂ:o 50 f)o'nee@.s 3f wafer il 2tcpe cut

gog 5 sheeLDT%Qhod by us:i?rpg thezsonventionafq_ype of 46 0: 1 -BHF, Bl}%%:ime

15 . .
30 required £ :%be same tr%‘a‘tﬂaent din be18reduQ:e£h9 to 30 mlréugces on
8 17 cofilition that BHF as a high-Speedgjetchant having etch%.(ﬁ% speed

of lum/min at the temperature of 45 °C is used.

It is needless to say that, with this reduction, a shift of
the etching process from the batch method based on the conventional
technology to the cut sheet method can be made quicker, and also
uniformity within an etching-treated surface as well as a level
of throughput based on the wet process each required by the

manufacturing process of a semiconductor device can remarkably ke

improved.

14



19 ' 31 . 0 0. 61 As i
evident fromTable 3, it is found that an initial value (0.15 to 0.17 nm
for each surface roughness after the soaking can be maintained by adding a

surfactrant to the etching solution, and that sur'féﬁ‘mghne%r%l so be
suppressed by the surfactant. | NDUSTRI AL APPLI CA| an
etching solution of the present invenCLATIMSwWhen etﬁ”’wﬂ - onto

0 -l ”{form&d

oxide filmon a surface of a silicon wafer wth ap
t hereon, etching speeds onto the 3
oxide filmcan be achieved to 200 nmmn or nore at the tenperature of 35

[err] C ang, t qunl [e¥dd iRgT Ereathene ajehbewheoneliat ane exichént efoy @iepimgli ng
on its composition. As a result, although the tine of around 300

M nut es Vasea st batof #h iglstNivig ¥ i bREotieba Hubstehteafitinharesisd he
cut sheet nethod by using the conventional type of 7 : 1 -BHF, the tine

required {9ra tisis A iYL ITRNt8 &dFdagh eduwetghe 80ofi HydesEt Dior Lok id on
that BHF as a hi gh-speed etchant having etching speed of I[errJmmn at

the tenpejaguig ehrédghe@d Grd yHtse#l of ammonkitmi Flaeeddess and Inwidpta
with this reduction, & shift of” the etching process fromthe batch nethod

based on ﬁ%:&g@ﬂef&ﬁOaahceﬁefae%ﬁ%ftPoishetﬁ%ughe%-mtnimlp.an be rmade
qgui cker, anhd aflso :
2. The etchant according to Claim 1 ; wherein concentration of said
hydrofluoric acid is set to 15 weight % or more .
3. An etchant for etching treatment onto silicon oxide film formed
on a substrate with a resist as a mask; wherein etching speeds to
said silicon oxide film is 200 nm/min or more, and a £ilm-reduction
rate of said resist is 50 nm/min or less.

4. The etchant according to any of Claims 1 to 3 containing 0.001

through 1 weight % of a surfactant.

-

i

15

THIS SHEET HAS BEEN
REPLACED




uniformty within an etching-treated surface as well as a level of "
t hr oughput based on the wet process each required by the manufacturing
process of a sem conductor device can renarkably be inproved.

14 : , CLAI M5 1. An etching treatnent
agent which is an etchant for etching treatnent onto an insulating film
formed on substrate with a resi gfssamaxmmask, containing 15 to 19
wei ght % of hydrofluoric acid and 12 to 42 wei ght % of amoni um
fluoride, and having a hydrogen ion concentration of 10[err] to 10[err]
nmol / L.

An object of the present inventiorn is to provide an etching
treatment agent which can suppress an influence over a resist
pattern and can etch onto insulating. £film with high speed.

An etchant for etching treatment onto insulting film with
a resist as a mask formed on a substrate, which contains 8 through
19 weight % of hydrofluoric acid and 12 to 42 weight % of ammonium
fluoride, and has hydrogen ion concentration of 1070 through 107*-®
mol/L. Further, an etchant for etching treatment onto silicon
oxide film with a resist as a mask formed on a substrate, of which
etching speed to the silicon oxide film is 200 nm/min or more and

a film reduction rate of the resist is 50 nm/min or less.

16



2. The etchant according to Claim1l containing 0.001 to -1 wei ght 9bof
a surfractant. o

15.°

CLAIMS

1. Aﬁ etching treatment agent which is an etchant for
etching treatment onto an insulating'film formed on
substrate with a resist as a mask, containing 15 to
19 weight % of hydrofluoric acid and 12 to 42 weight

% of ammonium fluoride, and having a hydrogén ion

concentration of 107%° to 1071'® mol/L.

s 2. The etchant according to Claim 1 containing 0.001 to
1l weight % of a surfactant.
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