SURFACE TREATMENT FOR M CROVACHI NI NG FI ELD OF THE | NVENTI ON The present

i nventionrelates to a surface treatment {for micronachini ng and, nore
particularly, to a surface treatnment used for.fine treatnment of silicon
oxide in the manufacturing process of sem conductor devices. TECHNOLOG CAL
BACKGROUND Fi ne treatnent of filmsuch as oxide filmon a wafer surface is
one of the nmost inportant processes in the manufacturing process of

seni conductor integrat ed SUREACE STREABMEND OFOR NEECKGMACEENTNGCT easi ngl y
grown in association with progress of high integration of circuits.
Conventionally, a m xed solution (buffered hydrogen fluoride) of hydrogen
flluoride (HF) and ammonium fluoride (NH err]F) is applied for fine

treat nent of f] ' ' and is usually prepared by m xing 40
%rLNH[ err]F SO@&%%%%@@% fon in various mxing ratios such as
in arange of 400 : 1to 6 : 1 so as {o corltrol et chi ng SpE d of siligon
oxide filmfrom2. ThfpPkesens 13veRboR e ot A SUPFRCE Jhratyent, Lor

manuf act uri ng process of sem conductors that oxide filns having various

}

properties ar enicromackipingiang omosswrareiBRERBYY £ $ond FPTHAGH ¥eatmenks
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5 used for fine treatment of silicon oxide in the manufacturing

process of semiconductor devices.

TECHNOLOGICAL BACKGROUND
Fine treatment of film such as oxide film on a wafer
surface is one of the most important processes in the

manufacturing process of semiconductor integrated circuits.

Its importance has been increasingly grown in association with
progress of high integration of circuits.

Conventionally, a mixed solution (buffered hydrogen
fluoride) of hydrogen fluoride (HF) and ammonium fluoride
(NH,F) is applied fof fine treatment of £ilm such as oxide £ilm,
and is usually prepared by mixing 40 % NH,F solution and 50 %
| HF solution in various mixing ratios such as in a range of 400 :

1to 6 : 1so as to control etching spéed of silicon oxide film
from 2. 7 nm/min to 120 nm/min.
There are some cases in thé manufacturing process of
[ semiconductors that oxide films having various properties are

formed depending on each method of forming £ilm as well as on



2:conditions thereof and that those films-gxist on the sane substrate
surface. \Wen-oxide filnms having a different property are subjected to
etching with the buffered hydrogen fluoride, for exanple, when an Si(Jerr]
filmand an SiJerr] filmcontaining P are subjected to étching with the
buffered hydrogen fluoride, a step is fornmed at the boundary of the filns
because of different etching speed of the filnms. Al though the step of
around 50 nm kandiyishsethendnst fand obhay phosesEilnst BXishs Obfthe (AR m
design rul e sem conductor process, it is clear that in the manufacturing

process of subgbateAtEenseefseet or Wheregoridd dilmsi tkawing tehediffprent
around 20 nm causes sone trouble to occur in the manufacturing process and

that circuit ﬁz‘%@%ﬁ Sreegiifsdcthaned Yetdiing witdetheobd fEBBEA! hpdsdeen

f&»r med in etc ess may~be becone larger than froma depth of focus
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more larger | Q:oe}lsi:saoi%li%{gl OP ngteh é%ﬁggéeée%%noé@cq{ﬁ?é RiLH" S5tk 'Buffered
hydrogen fluoride, a step is formed at the boundary of the films
because of different etching speed of the films.

Although the step of around 50 nm hardly affects the
following process in the case of 1 umdesign rule semiconductor
process, it is clear that in the manufacturing process of
submicron semiconductor integrated circuits even the step of
around 20 nm causes some trouble to occur in the manufacturing
process and that circuit yields are reduced. Namely, it .is

~ understood that the step formed in etching process may be beco:fte
} larger than from a depth of focus of photolithographic optical

system, which induces reduction of yields in the patterning

process. Then, it is also clear that this problem will be more

larger in association with further technological progress to

reach a manufacturing process of quarter-micron semiconductor

integrated circuits.
An object of the present invention is to provide, in the

light of the circumstances described above, a fine surface

treatment for micromachining which has nearly the same etching

speed for various oxide films, each obtained by a different



reach a manufacturing process of quarter3-m cron sem conductor integrated
circuits. :An object of the present invention is to provide, in the |ight of
the circunstances described above, a fine surface treatment for

m cromachi ni ng which has nearly the sanme etching speed for various oxide
filnms, each obtained by a different 3 method as well as conditions of
formng filmor having different concentration of various inpurities such
as P, B and Amethadasfweld asrepidiitdions o feamingEile or kaving diffexgnt
each of the filnms. DI SCLOSURE OF THE | NVENTI ON A surface treatnent for

m cr omachi ni NngEsEoEtagion dtheapieasnimpuritiesrswinas Ps BHand As B wdieght
% of hydrogen fluoride and nore than 40 weight %to not nore than 47 wei ght

% of amoni um £{ HEri g6 hSek f AT tHAADRML I HMIRE Hpdet tac each —of to
the present invention is prepared by dissolving ammoniumgas into a '

scé)l ution-of hygdroggp,fLuoride.

DISCLOSURE OF THE INVENTION

A surface treatment for micromachining according to the
present invention contains 0. 1 to 8 weight % of hydrogen
fluoride and more thag 40 weight % to not more than 47 weight %
; of ammonium fluoride.
| - A surface treatment for micromachining according to the
present invention is prepared by dissolving ammonium gas into
a solution of hydrogen fluoride.

A surface treatment for micromachining according to the

present invention contains 0. 001 to 1 weight % of surfactant.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a schematic diagram showing a DRAM
manufacturing process in Embodiment 5; and

Fig. 2 is a view conceptionally showing an example of
a result of measuring the surface of a silicon wafer in

Embodiment 7 by an atomic force microscope.

g BEST MODES FOR CARRYING OUT THE INVENTION



A surface treatnment for m cromachi ni.,ngéaccording to the present invention
contains 0. 001 to 1 weight % of surfactant. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a schematic diragram showi ng a DRAM nanuf acturing process
in Enbodi nent 5; and Fig. 2 is a view conceptionally show ng an exanpl e of
a result of nmeasuring the surface of a silicon wafer in Enbodi nent 7 by an
atom c force m croscope. BEST MODES FOR CARRYI NG OUT THE | NVENTI ON
Buf f ered hydrogen f lpuffietedasgirayen hElwonidmtbased orcthel copventiopah
prepared by nmixing a 40 % NH err]F solution and a 50 % HF sol uti on.

Accordingly, WnehhdiBRgahd Ipedn ?}:éﬁjﬁﬁﬂb’yﬂﬁi@ﬁﬂ@ & a0 oINERH, sébution
wei g

exanple, in arange from0. 1 to % the NH err]F concentration in

the solution igd 1 o' 818° d1eidh. 6 ACcdfaiflal Pruletf hydidgeheluskige On

the ot her hand, the"surface treatnent r mcronachi ningaccording to the
B ogoncr A SEEEEE B Raiftel el (B BRI AP o e peBlL

: 1 to 8 weight %, the NH,F concentration in the solution is in

a range from 33. 6 to 39. 9 % or less than the value.
on the other hand, the surface treatment for

| micromachining according to the present invention comprises
a mixed solution containing 0. 1 to 8 weight % of hydrogen
' fluoride and more than 40 weight % to not more than 47 weighf %
. of ammonium fluoride (NH,F). It is further preferable that
ammonium fluoride is not more than 45 weight $. With the range
of those concentration, it is possible to suppress a ratio of
etching frommore than 1. 1 based on the conventional technology
to a range from 1. 03 to 1. 07 for various types of oxide films
irrespective of forming method (for example, thermal oxidation
and CVD), thermal treatment condition, or the amount of
impurity such as ]é, As and B in the film.

Namely, a step between oxide films after being subjected
to etching is possibly suppressed within the depth of focus
in a submicron stepper optical system.

It should be noted that the concentration .of hydrogen
| fluoride is controlled from 0. 1 to 8 weight % in the invention

i because etching speed becomes 1 nm/min or 1less for the



of ammonium fluoride (NH4F). It is furt{k? preferabl e that amoni um
fluoride is not nore than 45 wei ght 9 th the range of those
concentration, it is possible to suppress a ratio of etching fromnore than
1. 1 basedson the conventional technology to a range from1. 03 to 1. 07
for various types of oxide filns irrespective of form ng nethod (for

exanpl e, thermal oxidation and CVD), thermal treatnent condition, , or

amount of ‘i npwoncenhnat ien Aower AR Oy the fakdn CW%/ Pﬁeg%EstEf'RBen
oxide films after being subjected to etching is possibly suppressed within

the depth of feeierdtiire Batoues 35t elfbdiorophiec sbnepateart ion hlighled bban
noted that the concentration of hydrogen fluoride is controlled fromO0. 1

to 8 weight %g g the invention because etching speed beconmes 1 nnminin or
| ess for the 5 concentration lower than 0. 1 %and crystal precipitation

tenperature becones 354 ge%{—éfe%é?ﬁ%éhﬂld?@%%b&hh@&nobltghebroﬂ fam ebgHt i S

pref erabl e that surfact wei ght %
is contained in the surface treatment for micromachining. If

a space between resists is around 0. 5 um or less, uniformity
in etching to the oxide fiim is reduced because the our face
of oxide films will hardly get wet to surface treatment for
fine surface treatment. however wettability to the resist
surface is improved by adding the surfactant to the surface
f.reatment and, as a result, etching uniformity to the silicon
oxide film is further improved. If the Si surface is exposed,
the roughness of the surface can be suppressed by the surfactant,
and for this reason a highly performable device can be realized.
The effect of addition of the éurfactant thereto is hardly
recognized if the concentration is less than 0. 001, and the
same effect will no longer change for the concentration is

higher than 1 % or more. |
Aliphatic amine (C,H,,.,NH,; n = 7 to 14), aliphatic
carboxylic acid (Cuﬂzmcm; n =5 to 11) and aliphatic alcohol
(C,H,,eyOH; n = 6 to 12) are preferably used as a surfactant of
the present invention. It is especially preferable f.o
combine at least two types of the three surfactants which are

selected for utilization according to NH,F concentration and



is contained in the surface treatnent for- % cromachining. If a space
between resist's is around 0. 5 [errJmor less, uniformty in etching to the
oxide filmis reduced because the our face of oxide filnms will hardly get
wet to surface treatnment for fine surface treatnment however wettability to
the resist surface is inproved by adding the surfactant to the surface
treatnent and, as a result, etching uniformty to the silicon oxide filmis

further inproygd.codderthtatSions Wansii.s exposed, the roughness of the
surface can be suppressed by the surfactant, and for this reason a highly

performabl e device cap uyRRld 29@atheateftbechietonddhindngohctbeding to
surfactant thereto is hardly recognized if the concent ration is |less than

0. 001, and ”‘f%es%?eseér{@d{rn i 1d 5 3P i f11ides concentration is

hi gher than 1 nor e atlca err]H[err]NH[err] n=7%7to
al tonal (On{err] Ot NAnsRy ¢ Ehe sy Jp‘?%%s%éspﬁ Gube kg d abehcs
i FLSZE“& | {‘qvé“éq'#fwmmis TRECF e o POUREE: StPoP P, PPISEIR: &
accordl ng to NH[err] F concentration and

method of mixing a high-purity NH,OH aqueous solution in high
concentration produced by absorbing NH, gas in ultrapure water
and a 50 % HF solution, and a method of absorbing NH, gas in
a HF aqueous solution (there may be a method of producing NHF
in high concentration by -absorbing NH, gas in .a HF solution
anci mixing the produced NH,F and 50 % HF in a desired ratio)
or the like. The method of absorbing NH, gas in a HF aqueous
solution is the most preferable in all because a .higher purity
solution can be obtained.

However, when NH,F concentration is more than the
saturated concentration, crystal precipitation occurs. Once
the precipitation has occurred, it is hard to dissolve crystal
and return to the uniform solution 3just by increasing
temperature by several degrees. This précipitation should be
removed to prevent etching nonuniformity due to particles.

It should be noted that even if the crystallization has
occurred it is possible to prevent particles of crystallization
from being adhered to the wafer surface by adding the surfactant

to the surface treatment.



6 HF concentration therein. The surfaceytreatnent for m cromachining
according-to the present invention is prepared as follows. Nanely, the
surface treatnent can be produced by a nethod of dissolving high-purity
NHAF powder into a HF solution, a nethod of mixing a high-purity NH err] OH
aqueous solution in high concentrati on produced by absorbing NH err] gas in
ultrapure water and a 50 % HF solution, and a nmethod of absorhi ng N as
in a HF aqueous sol Whieana (suxfiaceriyepsmeniefon RIGToRashiA IR Nﬁ4¥° ":"_Pﬁlf%h
concentration by absorbing NH err] gas in a HF solution and m xing the
produced NH[ ekl aiwl Bem¥cbhduetardgstoduttinn ofacilihdesi kdherheursaeRd
of absorbing NH err] gas in a HF aqueous solution is the nost preferable in

al| because a})OhgleUELEMECFSHACHIRSNG is ohtabdadedHimen er langens bead
concentration Is nore than the saturated concentration, crystal

precipitation HHR6E a5 &iaxp.gst?%&&ix%éfs?éi @t hsuaacrooed td a pobesding

di ssol ve cryst arn te e uniformsolution just by increasing
tenperature b ver.al degrees.,Thi recipit af i sh b 8
e ooy R R £ gn SebeDigh| 84 2 100, STRMS, Packesbyadtar

: production facilities generally maintain a room temperature
i
!
|

at a range from 20 to 23 °C, and for this reason it is required
to control the concentration so that precipitation does not
occur at this temperature. Namely, the concentration is
required to be not more than 45 %. If the precipitation
temperaﬁure of a processing liquid is 18 °C, the temperature
in the tank and the medium~sized vessel or the tube is required
t;) be not less than 18 °C.

The surface treatment for micromachining according to
the present invention is used for film such as silicon oxide
film, nitride film and oxide :ilms of polysilicon, Al, Ta or
Ti. As silicon oxide film, there are included film such as
thermal oxide f£ilm (including dry oxide £ilm and wet oxide f£ilm
which contains 1 to 8 weight % of arsenic and phosphorus
introduced by meahs of ion implantation or the like), CVD film
(also including film which contains 1 to 8 weight % of boron,
arsenic a1_1d phosphorus), and TEOS film (including film which

contains 1 to 8 weight % of phosphorus and boron).



It should be noted that even if the cr§stallization has occurred it is
possi ble to prevent particles of crystallization frombeing adhered to the
waf er surface py adding the surfactant to the surface treatnent. 7 Wen
a surface treatnment for mcromachining is actually used in sem conduct or
production facilities, the surface treatnent for m cromachining is

i ntroduced froma | arge-sized tank or a nedi umsi zed vessel of around 100 L

to a processi pysoyiMENTough a PFA tube or the Iike. Al so, sem conductor
production facilities generally maintain a roomtenperature at a range from

20 to 23 [err]C angddiy i {£a88Pail héresduifted ageC@xampldsheof the
concentration so that precipitation does not occur at this tenperature.

Naely 1 CUTIFRS OB OE o U8 05 HPkoTRESSEBATIR Uhe phokba
o e LS o L ORE e B O L0, B
| (Embodiment 1)
An 8-inch silicon wafer was subjected to wet-oxidation for
120 min at 1000 °C to form thermal oxide film with a thickness
of 400 nm.
i Then, after resist film was obtained formed the wafer
with each pattern whose one side was 1 mm formed to checkers,
1 x 10*/cm® Ion of As was implanted at 40 keV. Than the wafer
was subjected to heat treatment for 60 min at 800 °C, and a
layer with a thickness of 200 nm including 2 weight % of As
was formed thereon.

The two types of thermal oxide'film formed as described
above wére subjected to etching at 25 °C by using a solution
of 1. 0 % HF concentration and with NH4F concentration in
various degrees. Table 1 shows the result. It should be noted
that etéhing speed of the As-contained thermal oxide film as
well as of the thermal oxide film were measured through

measurement of film thickness of the oxide films.



the present invention is used for filmsuch as silicon oxide film nitride
firl mand oxide: filnms of polysilicon, Al, Ta or Ti. As silicon oxide film
there are included filmsuch as thermal oxide film (including dry oxide
filmand wet oxide filmwhich contains 1 to 8 weight % of arsenic and
phosphorus introduced by neans of ion inplantation or the like), C/D film
(also including filmwhich contains 1 to 8 weight % of boron, arsenic and
phosphorus), anaaBE&S1fil m (including fil mwhich contains 1 to 8 wei ght %

of phosphorus_and horaon) 28 ENMBODL NENTS Descri-bed—in—detai eRaiter
are exanpl es |of the present | Mﬁ% 3R it (PR t%%%d?r\? oo@ t he
present invertion is not lim {o those exarrpl e§at(18rbod| ment mremmtate
8-inch silicgn wafer was subjle d to wet - OXI datijon Iorm%ZO m n |denfpEd@ture
L B e S ot " RO

Concentration |contained |oxide thermal oxide

(%) thermal * |[£film film / Thermal

oxide film oxide film

10. 0 29. 6 22.1[1. 338 -7

30. 0 25. 8 22.911.130 -15
40. 1 17. 7 16. 8 |1. 056 -20
42.0 16. 0 15.2 |1. 050 0

44. 1 14. 5 13. 9 |1. 040 156

45. 0 14. 2 13. 7 (1. 0389 18

45, 2 13. 9 13. 4 |1. 037 21

46. 0 13. 0 12. 5 |1. 041 24. 9

47. 0 24.0 |22.8 |1.053 29

As clearly understood from Table 1, when the NH4F
concentration was 40. 1 % or more, etching speed ratio between
the thermal oxide films was less than 1. 06, and a step formed
in the process was less than 11. 4 nm when the As-contained
thermal oxide film had completely been removed. The step was
found to give no effect to the process of submicron fine surface
treatment. On the other hand, in the concentration based on
the conventional technology (30 %), the etching speed ratio

was 1. 13, and the step was 23 nm.



with each pattern whose one side was. 1 nwforned to checkers, 1 x
10[err]/cmferr] lon of As was inplanted at 40 keV. Than the wafer was

subj ected to heat treatnent for 60 mn at 800 [err]C, and a |ayer with a

t hi ckness of 200 nmincluding 2 weight % of As was fornmed thereon. The two
types of thermal oxide filmfornmed as descri bed above were subjected to
etching at 25 [err]C by using a solution of 1. 0 % HF concentration and

Wi th NHAF concentr aiphen e hMidlg @pecdeehess. béabhes lckboes tdiel:r eblag .tie
shoul d be noted that etching sSpeed of the As-contained thermal oxide film

T Chnck U SRR £ LS b s

filmthicknes Etching rate (nm Etching

nup V% "pregibication epgilypoifie dn 46 becae EpR pRCIDERELH e

contai ned oxide t hermal oxi de )

temperature is 24. 9 °C, and for this reason the temperature

has to be controlled with higher precision. It should be noted

that occurrence of crystallization generates nonuniformity in
etching or the like, which turns out to be some trouble to finer
patterns.

Wwith the experiments performed at the etching
| temperature of 35 °C and using a solution containing NH4F
concentration of 47 %, it has been found that etching speed
ratio was 1. 05 and the same etching could be performed without
the appearance of step.

[ _ It should be noted that an etching solution at a room
temperature is preferably used becaﬁse there will be larger
possibility of elution of impurity from a vessel or the like
if the temperature inlthe solution is increased.
(Embodiment 2)

The same evaluation‘was made by etching with a solution
in variations of HF concentration to a silicon wafer by using
oxide film formed thereon in the same manner as that of Example
1.. It should be noted that NH,F concentration was 44. 1 %.

Table 2 shows the result.



0,

t her nal

I m .film,/ Therrmal oxide film
oxide film1 0. O 2 9. 6 221 1. 338 -730.0
25 8 2 2. 9 1. 130 -1540. 1 17,7 1 6.
8 1. 056 -2042. 0 16.0 15 2 1. 050
0.4 4. 1 14. 5 13 9 1. 040 1545 0
1:4. 2 13 7 1. 039 1845 2 13 9 1
3.4 1. 03 7pagpE 2 2146. 0 13. 0 12.5 1. 041
254.947.0 2 4. 22,8 1053 2 9 As
clearly undefCompbsirtiom abf ¢ Exchilmgn rate NHAF coASRINg i on pezystal 1 9qor
more, etchi ng speed ratio befweanmimg t her mal oxi|datie 0ad-1as| peecipitaten 1.
06, and a st &mqth the|process was | ess than 11. 4 nm Wigdinp&@ature
As- cont ai ned |t hermal oxi de fill m had conpl etely been renoved. I'K%) step wag
found to gi vggp effeCt TO TgJU OCESS OITgk Mk-&ddigirked f pce” treat nment .
On the other [hand, in the concRyidAtidy basag on §r1591]§’%ﬁ?' bnal
hﬁnchnol ogy (3CTomcenteatiami 93885 ratlﬁf:n s 1. 1 MRS e step was 23
(%) oxide film oxide film
0. 1 25 24 1. 041 13
0. 4 6 2 60 1. 038 17
1.0 145 139 |1.040 15
1. 6 220 210 1. 048 .13
: 2.0 2617 253 1. 053 10
3.0 321 |305 |1.051 15
‘ 8. 0 728 |688 |[1.058 24

As clearly understood from Table 2, an etching rate can

be increased while a ratio of etching speed between the films

is kept to be suppressed at a lower level as it is even if HF

concentration is increased, and etching can be performed with

high precision to various types of film thickness.

It was

found from the precipitation temperature' that the HF

concentration is preferable to be not less than 0. 1 %.

It

was also found that the temperature was less than 24 °C with

the concentration of not more than 8 %, and the temperature

was less than 1

3 %-'

5

°C with the concentration of not more than



The etching speed ratio becomes closer td21..0 as the NH4F concentration is
I hcreased, whi.ch is nore preferable, but precipitation easily occurs in 46
% because the precipitation tenperature is 24. 9 [err]C, and for this
reason the.tenperature has to be controlled with higher precision. It
shoul d be noted that occurrence of crystallization generates nonuniformty
in etching or the like, which turns out to be sone trouble to finer
patterns. Wt hygnidiapart Nt s perfornmed at the etching tenperature of 35
[err]C-and using a solution containing NHAF concentration of 47 % it has

been found that etchi pgsspeesiIntids FoEméd & aand-Lhehswitki o Wafgrcwith be
performed wi thout the appearance of step. It should be noted that an

etching sol uti | SeddEn JiSed Pesagsephbieesn
will be lar ger%?gﬁ‘aq% :}?{/ﬁl{)?ﬁggﬁﬁn %so}s‘?rrpur(?ttgi%‘%éom a vessel grr, the Iike

ol e L orer e B G080 g &6 BR R nb R B At peptopen
concent rat]on 10 2 Sk EORATSl e BY 3! A0h S8 Lol BUAREAT 1t BRChEnbe
solution containing 1. 0 % HF and 42. 0 % NH,F and with an etching
solution further containing C,H,,NH, (100 ppm) and C,H,;COOH (100
ppm), nonuniformity of etching within the silicon wafer was
3 $with the solution contéining surfactant, which made it clear
that the uniformity could be higher as compared to the solution
with no surfactant included (10 %).
(Embodiment 4)
Non-doped SiO, film and Si0, (BPSG) film in which B and
P had been doped were formed on a silicon wafer by a thermal
CVD method, and etching speed ratios were measured using
etching solutions having various types of éomposition.' Table
3 shows the result. It should be noted that etching
temperaturewas set to25 °C. Also, the conditions for forming
film are as follows.
Non-doped SiO, film g
Gas¢ SiH, : N,O =1 : 10
Pressure: 0. 02 atm
Temperature: 600 °C

BPSG film :



1. It should be noted that NH err]F conggntration was 44. 1 % Table 2

shows the-result. TABLE 2 Conposition of Etching rate Et chi ng
Crystal a solution (nm m n) rate ratio precipitate
tenperature (%9 HF As- Thermal As-cont ai ned
Concentration contained oxide t hermal oxi de thernal film film
[ Thermal - (% oxide film oxide filmO. 1 25
2 o b O ey s 38 € gm0 208 3 200008,
iiég.ol'()lla%r"zsﬁ“re'sogaeml 051 " 1ia o " %24
6 8 8 1. 0 5T§m eraturg.4 As cleé\rly understood from Table 2, an
etching rate can P
' TABLE 3
NH,F _ HF Etching rate (nm|Ratio
Concentration | Concentration [min) between
(%) (%) etching
rates
BPSG Non- BPSG / Non-
doped doped
film
5. 0 1. 0 56.7 [19. 8 2. 864
10. 0 ‘__I.O 50. 0 ]22. 1 2. 263
15. 0 1. 0 31. 2 |[22. 1 1. 415
i 20. 0 1. 0 29. 0 113. 8 1. 218
' 20. 0 2.0 59. 0 (50. 1 1. 178
20. 0 4. 0 98. 9 |182. 3 1. 202
30. 0 1. 0 25.5 22. 9 1. 116
30. 0 2. 0 3.6 |47. 8 1. 121
40. 0 1. 0 18. 2 (16. 8 1.083
40. 0 2. 0 |32. 9 |30. 2 1. 089
42. 0 1.0 15.9 |15.2 | 1.046
42. 0 2.0 31. 2 |129. 5 1. 058
43. 0 2. 0 29. 6 [28. 3 1. 046
44.0 1. 0 14. 2 {13. 7 1. 036
44.0 2.0 28.6 [27.3 | 1.048
45. 0 1. 0 13. 0 j12. 6 1. 032
45. 0 2.0 26. 3 }25. 2 1. 044




be increased while a ratio of etching spsed between the filns is kept to be
suppressed at .a lower level as it is even if HF concentration is increased,
and etching can be perfornmed with high precision to various types of film
t hi ckness. .It was found fromthe precipitation tenperature that the HF
concentration is preferable to be not less than 0. 1 % It was also found
that the tenperature was less than 24 [err]C with the concentration of not

more than 8 % and fphe eERAfAUNIR DI Exonh@able Ber it Chast heehefound
concentration of not nore than 3 % 12 (Enbodi ment 3) A resist filmwas

formed on an %ﬂsatﬂccg%@'éeeﬂ-»gf Bpebit! tii® @eulel fHd rendl Funnif e thef GEEd

t hereon, a resi ern o [errJmx 0. 5 [err]mwas open by being
W Eh an of chi RPRSH b AR Honr A ARG SRR HORS, EreR h B
S er ] H orr] OB RA IS EMS . £ 5 MRS i 50 ORE RBCRELTH Tro o Peihd
waf er was
suppressed.
(Embodiment 5)
In the manufacturing process of DRAM memory cells, as
shown in Fig. 1, a film of p-polysilicon, and ﬁhen non-~doped
CVD (Si0,) film ware formed. Them, BPSG film for smoothing a
surface was formed and subjected to thermal re-flow, and then
the surface of the film was smoothed by subjecting thls BPSG
film to etch-back.
| The BPSG film and the non-doped SiO, film were formed
under the same conditions as described in Example 4. Also,
the re-flow was carried out in a nitrogen gaseous atmosphere
at the temperature of 900 °C.
The etching was performed, so as to leave the non-doped
$i0, film by at least 50 nm, with an -etching solution I
(containing 44% NH,F and 1. 0 % HF) as well as with an etching
solution II (containiﬁg 30% NH,F and 1. 0 &% HF) at 25 °C.
As a result of obsefvation on the surface after the
etching, it was found that the step formed on the surfa;:e was
7 nm when the etching solution I was used and was 20 nm when

the .‘etching solution II was used.



3 %with the solution containing surf tant, which nmade it clear that the
unlformty coul d be higher as conpared 10 the solution with no surfactant

i ncluded (10 % . (Enmbodi nent 4) Non-doped SidJerr] filmand Sierr] (BPSG
filmin whiich B and P had been doped were fornmed on a silicon wafer by a

t hermal CVD nethod, and etching speed ratios were neasured using etching
sol utions having various types of conposition. Table 3 shows the result.
It should be ?ghggdm@htemth ng tenperaturewassetto25 [err]C. Al so,

t heconditionsforformng filmare as follows. Non-doped SiJerr] film: Gas:

srct L M A Ccaehenebiplr e egpufipliog Mfpipesal eo ppanph et

1000 = 2+ 1 LResetiiel ih ¥ls example.

At first, as an etching solution, a solution of 43 % NH,F
and 2. 0 % HF and a solution obtainéd by further adding the
same surfactant as described in Example 3 to this solution were
left at the temperature of (- 5°C), lower than the precipitation
temperature (2 °C).

| The number of particles whose diameter is not less than
0. 2 um was measured in the solution before and after the
solutions were left by using particles measuring device based
on a laser diffusion system (KL-22 produced by RION.)

A 6-inch silicon wafer was taken out, after soaked in
the various types of solutions for 5 min. and the number of
particles on the wafer surface was measured by using a
wafer-surface foreign matters measuring device based on a laser
diffusion system (Surfscan 6200 produced by TENCOL ). Table
4 shows the result of measuring the number of particles in the

solution as well as on the wafer surface.



Tenper at ur e:
Etchl ngrat e

blet ween (%

400 [err]C TABLE 3 NH a{] HF
(nm Ratio Concentration centration mn)

9 etching rates

BPSG Non- BPSG / Non- doped doped film5.0 1.0

56.7 19.8 2.864 10.0 1.0 50.0 22.1 2.263 15.0

1.0 31.2 22.1 1.415 20.0 1.0 29.0 13.8 1.218 20. 0

2 -0 59. 50. 1. 178 20. 0 4. 0 98.

g 82 3 Tﬁbﬁ? goz 30.0. 1.0 255 11635, 0

2. 0 dhemical/. 8 1. 121 4(The number of Tke @umber ohg.

2 16. 8 1. 083 40.0 4

1.0 15.9 |15.2 1.046 42.0 %“gmer9§§ 2 2<p%rt1°g%% 4%9%

2l 0 290.6 |28.3 1.046 particles the wafer
(unit/ ml) surface

(unit/ wafer)

surfactant/ Before being|50 48
Without § left
' After being|2350 1200
left
Surfactant/ Before being|53 15
With _ left
After Dbeing| 2500 14
left |

The crystal precipitation when the temperature in the
solution is less than the precipitation temperature, and the
precipitation induces nonuniformity in.etching or the like,
but, as clearly understood from Table 4, addition of the
surfactant to the solution makes it possible to supéress the
number of particles to be adhered on the wafer and to preveht
nonuniformity in etching although particles in the solution
can not be reduced.

Namely, even if a large number of crystallization exists
in the solution, those particles are not adhered on the wafer
surface, so that it is possible to prevent reduction of etching

yields. Accordingly, any etching solution can easily be



44.0

27.3 1.048 45.0

1.0  14.2 13 7 1,936 44.0 2.0  28.6
1§ 0 12.6 1,032 45.0

2.0 26.3 25.2 1.044 14 As cI early understood from Table 3, it has
been found that the etching speed ratio could be smaller if the NHerr]F

concentration

film thus a step fornmed after the etching being suppressed.

was controlled for exceeding 40 %even if the filnms was CVD
(Enbodi nent 5)

I n the manuf achamaded process of DRAM nenory cells, as shown in Fig. 1, a
filmof p-polysilicon, and then non-doped CVD (Sigerr]) filmware forned.

Them BPSG fil
re-flow, and t

g@;ﬁmdgﬁgﬂﬁhvyg a surface was fornmed and subjected to thernal
en the surface of the filmwas snoothed by subjecting this

BPSG filmto etch- baﬁg

f ormed under t

f
he sane congleftl:i(llil‘ﬁg1 I§J'Lg‘]gscr| EB ?ﬁ%ﬁﬁﬁp@lgﬁgiﬂc&ﬁmre

with 1 um-thermal oxide f£ilm formed thereon, and 2,000 units
of pattern for each of various-sized cohtact holes were formed
on- the oxide film.

Then, the thermal oxide film was etched by about 100 nm
for 4 min at 25 °C by using an etching solution containing 45 %
NH,F and 2. 0 % HF or an etching solution obtained by adding
the surfactant (200 ppm in total) in Example 3 to the etching
solution described above.

After the etching, the resist was peeled with a mixed
solution of sulfuric acid and hydrogen peroxide, and then the
surface was inspected by the atomic force microscope (Nano Spec
III produced by Digital Instruments)

Fig. 3 shows one of surface patterns measured by the
atomic force microscope, and Table 5 shows a relationship

between diameters of contact holes and defective rate of

contact holes.



the re-flow was carried out in a nitrogenl§aseous atnosphere at the
tenperature of- 900 [err]C. The etching was perforned, so as to | eave the
non-doped Siderr] filmby at least 50 nm with an etching solution I
(containing 44% NHAF and 1. 0 % HF) as well as with an etching solution |
(eontaining 30% NH4F and 1. 0 % HF) at 25 C. As a result of observation on
the surface after the etching, it was found that the step formed on the
stirface was 7 n gnsthe etching solution I was used and was 20 nm when
the etching solution Il was used. 15 (Enbodinent .6) FEffects due to

addition of 9
first, as an
and a sol uti ¢

Bticidnen isdlarttien sol|iameters oft adntdctr] Defiectsivap| eonkact
et ching sol ution,

alsolution of 43 % NHjerr]E and 2. 0 % HF
n obt ai ned by furthéﬁ"%&ﬁﬁ ng the sane suﬁ}oglt Sint as descri be

i n Exanmple 3
| ower than th

Tfictart PTiehone |2 /Tt at the tenperfafgire of (- 5 O),
e precipitation tengerature (2 C).

1.0 : 20
0.5 45
Surfactant/ With 2.0 0
1.0 0
0.5 0

As shown in Table 5 as well as in Fig. 2, addition of
the surfactant to the solution makes it possible to completely
eliminate defectiveness in etching even for a fine pattern.

Although it is also possible to soak 'the film once in
ultrapure water with the surfactant added thereto and then to
subject the soaked film to etching with an etching solution
without adding directly the surfactant to the etching solution,
s;:me troubles such as incoming dusts and dilution of the etching
solution easily occur, and for this reasoh previous addition

of surfactant to an etching solution is preferable.

INDUSTRIAL APPLICABILITY

The surface treatment for micromachining according to
the present invention, namely the surface treatment containing
0. 1 to 8 weight % of hydrogen fluoride and more than 40 weight %

to not more than 47 weight % of ammonium fluoride can make a

d



The nunber of particles whose di ameter ijg-not |ess than 0. 2 [err]mwas
nmeasured i'n the solution before and after the solutions were left by using
particles measuring device based on a |aser diffusion system (KL-22
produced by RION.) A 6-inch silicon wafer was taken out, after soaked in
the various types of solutions for 5 mn. and the nunber of particles on .
the wafer surface was measured by using a wafer-surface foreign matters
measuri ng devigigh PRSEdLTue d abEf fékdrices intvaet achSepbadad 522ehahqdesed
by TENCOL ). Table 4 shows the result of neasuring the nunber of particles
in the soluti I ' i35 i

The nunber of e %\lﬁ%@rsa g?eguébgrr}%rlgedf BY%I d;'}artlr ané:ﬁé%%@%?ﬁfg?&é%?@hst he
2’68“( er (unit/ @B :Eorm:i.snugr %?.ix% & r<]:'otn{pavl\:'l‘r"efde wfv.)l.té%ﬁoascet %'i:ltéhe et%(:ﬂci%rgeso Gt n50

based on the conventional technology.
As a result, a step on oxide film generated in an etching
process can be suppressed, and for this reason submicron- and

further quarter-micron-ultra fine surface treatment can also

be carried out with high yields.



W t hout left After being 2350, 20 . - 1200 left Surfactant/
Before betng 53 15 Wth | eft After being 2500
14 left The crystal precipitation when the tenperature in.the solution is
less than the precipitation tenper ature, and the precipitation induces
nonuniformty in etching or the like, but, as clearly undm”m n "I

4, addition of the surfactant to the solution nakes it po H HMEFMJ
the nunber of particles to be adhered onsjRgysafer and to prebent ™
nonuniformty in etching although particles 1n the solution can not be
reduced. Nanely, even if a large nunmber of crystallization exists in the
solution, those particles are not adhered on the wafer surface, so that it

2 DossTblie g prevent, Leductl.on ol..8! 900G ShdniiRg U1nthY 0. 1

to 8 weight % of hydrogen fluoride and more than 40 weight %

[
i

to not more than 47 weight % of ammonium fluoride.

2. A surface treatment for micromachining according to Claim
1 prepared by dissolving ammonium gas into a solution of

hydrogen fluoride.

3. A surface treatment for micromachining according to Claim

1 or Claim 2 containing 0. 001 to 1 weight % of surfactant.

THIS SHEET HAS BEEN
REPLACED

Sheet Has Been Re laced

HIIlIlI A



17 managed. (Enbodinent 7): Resist filnme{d

[ err] mwasfornmedonan8-inchsiliconwaferr with 1 [err]mthernmal oxide film
formed thereon, and 2,000 units of pattern for each of various-sized
contact hol-es were forned on the oxide film Then, the thermal oxide film
was etched by about 100 nmfor 4 min at 25 [err]C by using an etching
solution containing 45 % NH4F and 2. 0 % HF or an etching sol ution obtained
by addi ng the surfactant (200 ppmin tohﬁé%Rh& Exanple 3 to the etching

sol ution descri bed above. After the etching, tﬁe resist was peeled with a
m-xed solution of sulfuric acid and hydrogen peroxide, and then the surface
was i nspected by the atomic force microscope (Nano Spec |1l produced by

Digital Instrunents)_Fig. 3 shows one_of surface patterns neasured hy. the
atonmic force rricrosc%'foe’,g-J a?‘FEIGrFl%\H%t?%m Bresand i IMER e S BTN R Aer s

of contact holes and defective rate of contact hol es. ) .
fine surface treatment for micromachining having etching speed

whose difference is smaller to oxide films each obtained by
a different method as well as conditions of forming film or
having different concentration of various impurities such as
P, Band As in the film, and also having practical etching speed
to each of the films.

The surface treatment for micromachining contains 0. 1
to 8 weight % of hydrogen fluoride and not less than 40 weight %
to not more than 47 weight % of ammonium fluoride. It should
be noted that it is preferable the agent contains 0. 001 to

1 weight % of surfactant.

FIGURE 2



18 TABLE 5 Etching sol ution Di aneLer'df'cbntact Def ective contact hol es

hol es Surf. actant/ Wthout 2.0 10 1. O 20
0.5 R 45 Surfactant/ Wth 2.0 0 1.0
0 0.5 - O As shown in Table 5 as well as in Fig. 2, addition

of the surf actant to the solution nakes it/Bossible to conpletely
elimnate defectiveness in etching even for a fine pattern. Although it is
al so possible fog th(e;lfi | monce in ultrapure water with the surf actant
added thereto and"t lken subj ect the soaked filmto etching wth an
etching solution without adding directly the surfactant to the etching

sol ution, some troubles such as gncom ng dusts and dilution of the etching
solution easily ®ccur, and for this reas previ ous addition of surfactant
to an etching s | ution is pref ergbl e. %N‘H STRI AL APPLI CABI LI TY

<

|
| é S
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P
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BPSG film +Re

Etch — back




The surface treatnent for m cronmachi.ni ng-according to the present
invention, nanhely the surface treatnent containing 0. 1 to 8 weight % of
hydrogen fluoride and nore than 40 weight %to not nore than 47 wei ght % of
anmoni um f.l uori de can naeke a 19 smal |l er value a difference between each
speed of etchifkg .t 0_oxi films each obtalr@d by a different nethod and
condi tions of orln‘igg fi4m as conpared with those of the etching solution
based on the conventional technology. As a result, a step on oxide film
generated in an etching process can be suppressed, and for this reason
submi cron- and further quarter-mcron-ultra fine surface treatnment can al so
be carried out with high yields. 20 CLAI M5 1. A surface treatnent
conposition for mcronmachining containing 0.1 to 8 wei ght

100nm -t~ 05 um
Onm -+ \ r \_[ =
- 100nm - U +
(a) Surfactant not added
100nm —+ 05 um i

— 100nm 1+ B

(b) Surfactant added



% of hydrogen fl uoride and nore than 40 wei ght %to not nore than 47 weight
% of amni um fluoride. 2 _A.surface tr ment conposition for
lTn cronmachining according to Claim ;L pre pared by dissol ving ammoni um gas

foﬁ Omacfglrr;tclhloﬂl ﬁmlmwﬂ)m umﬂ:ﬂ al m 1' or GAa;Slrﬂ]cza@‘uB 9?508 qtl .

wei ght % of surfactant CLAIMS

1. A surface treatment composition for micromachining containing 0.1 to 8 weight
% of hydrogen fluoride and more than 40 weight % to not more than 47 weight % of

ammonium fluoride.

2. A surface treatment composition for micromachining according to Claim 1

prepared by dissolving ammonium gas into a solution of hydrogen fluoride.

3. . A surface treatment composition for micromachining according to Claim 1 or

Claim 2 containing 0.001 to 1 weight % of surfactant.
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