Case 1559. METHOD FOR OPTI M SI NG THE ETCHI NG RATE OF A POLYCRYSTALLI NE LAYER
The present invention concerns the field of integrated circuit '

manuf acturing and, nore particularly, nethods for optimsing the etching
rate of a pol ycrysdahgsge | ayer to be deposited and etched during the

manuf acture of integrated circuits. 5 During a conventional

I ntegrated circuit manufacturing process, a stack of thin layers is forned
on a seni-conduct or subst r aMETHODFOR OPTIMISING TIIE ETGHING RATE| | that there

are three categories of chem cal ' '.glbeﬁed in such a
material: residual inpurities su e hS?ﬁ'LW@ rbon in the silicon,

the doping inpurities and, possibly, deliberately 10 inplanted inpurities,
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reactive agent. Tle current tendency veers towards dry process etching
techni ques, in pSili€anclgyek pl asna etching and, in particular, R E (Reactive
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punpi ng system obtained by evaporation or sputtering from a source. Thus one spéeaks of
deposition by vacuum evaporation, by cathodic sputtering, or molecular
beam epitaxy. Furthermore, the so-called « chemical » techniques are
based on a chemical reaction at the surface of the substrate, or of the
20 layer which is in the process of being formed. This reaction releases
chemical species which will intervene to assure or continue the growth of
the layer. One thus speaks of deposition by liquid-phase or vapour-phase
epitaxy.
In the rest of the process, the polycrystalline layers thereby formed
25 are etched by wet process or dry process, via the action of a reactive
agent. The current tendency veers towards dry process etching techniques,
in particular plasma etching and, in particular, RIE (Reactive lon Etching).
One will recall that a plasma is a gas heated to a high temperature, rich in
ions and free electrons. In a plasma etching reactor, electreluminescent
30 discharges are produced at low pressure, and generate chemically active
species. These species combine with each other at the surface of a layer
placed in the reactor to be etched therein. During such etching, volatile
compounds are formed and evacuated by a pumping system.



2 By way of exanple, etching of alum niumis achieved by a plasma forned of
a chlorine gas such as BO 3, said reactive %gent being the chlorine. In
this case, the presence of a gas such as BCl3 is necessary to elimnate the
native surface oxide, this oxide not being etched by pure 5 <chlorine. In
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20 Given that the growth of a polycrystailine layer corresponds to the
thermodynamic conditions giving rise to a nucleation phenomenon around a
critical core, the maximum size of a grain is limited by the presence of a
neighbouring grain. In other words, to the extent that the distribution of
the critical cores is homogenous, so is that of the grain size of a

25 polycrystalline layer formed by nucleation around such cores, and the sizes
of such grains regroup around an average value, with very slight dispersion.
One can thus define the average and the dispersion of the grain size of a
polycrystalline layer, which will be designated respectively p and ¢ in the
following description.

30 The Applicant of the present invention has noted that the structure
of a polycrystailine layer is not generally taken into account during etching
of such layer. In other words, account is usually taken of the macroscopic
features of the layer to be etched, for example the thickness thereof.

Moreover, within the extremely competitive field of microelectronics,

35 one of the main concerns lies in permanent research into reducing the
manufacturing time for integrated circuits, and increasing the yield of the
technical installations used during such manufacturing.
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'ITustrating thedgéjcqgtlgg%f aaBPrfgr)l(*émrInbl%menftat[on ofe the present invention, given
solely by way of example, in relation to the annexed drawings, in which:
- Figure 1 shows a top view of a first polycrystalline layer;

20 - Figure 2 iliustrates the "log-normal® distribution of the grain size of

the layer of Figure 1;

- Figure 3 shows a top view of a second polycrystaliine layer;

- Figure 4 illustrates the “log-normal” distribution of the grain size of
the layer of Figure 3; and

25 - Figure 5 shows experimental points connecting an etching rate and
a structure parameter, and a curve illustrating the numerical approximation
of these points.

The method according to the present invention is for optimising the
etching rate of a polycrystalline layer having a predetermined composition

30 of at least two chemical species arranged in the form of grains and grain
boundaries. This layer must be made in a semi-conductor substrate such
as silicon, by a deposition process and by an etching process of which one
chemical agent can react with the chemical species which, of the two
species, is preponderant, i.e. present in larger quantities the layer.

35 The method according to the invention includes a sequence of six
successive steps consisting in determining the deposition parameters, in
particular the temperature of the substrate, to form a polycrystalline layer
able to be etched by the reactive agent at an optimum rate. '
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to the present igy@pbsionconsists in determning the grain size average
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the second step. Suc hnTlge %’r d gé?lé%?’rﬁa%%me?%o?cqoﬁgngﬁghggé’s'"?', IR, e
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[err] by P. Fel tB@Q} Bpeggﬂ B Meet ﬁH %ﬂipfe%’ onr%d irT’ the second step. Such a
20 determination of the average p and the dispersion ¢ is described in the
article « Grain Growth in Metals » by P. Feltham in Acra Metallurgica, vol. 5,
1997, pp. 98 et seq. This determination uses a "log-normal” distribution of
the layer grain size.
In the following description, the references u1 and u2 respectively
25 designate the averages relating to temperatures T1 and T2, and the
references o1 and ¢2 designate the dispersions relating to temperatures
T1 and T2.
The fourth step of the method according to the present invention
consists in calculating, from averages m and u2 and dispersions o1 and
30 o2, two respective values f1 and 2 of a structure parameter f. The
Applicant of the present invention defines structure parameter f as a
function representing the grain boundary density of the polycrystalline layer,
and has demonstrated that this parameter is a function of the
polycrystalline layer grain size average p and dispersion o, and that this
35 function has the following form:
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20 determined by the method according to the present invention, and the
etching process whose rate is optimum over the range of parameters
selected during the first step of this method.

By way of illustration, a first implementation of the optimising
method described hereinbefore will now be described, this implementation

25 having been experimentally performed by the Applicant of the present
invention. The Applicant wished to form a polycrystalline layer comprising
98.85% aluminium, 1% silicon and 0.15% titanium. it wili be noted in this
case that the preponderant species present in the layer is aluminium, the
reactive agent being the chlorine. -

30 The first step of the method consisted in selecting temperatures T1
and T2. In the above case, the Applicant of the present invention selected
temperatures T1 and T2 equal respectively to 400°C and 100°C.

During the second step of the method, two polycrystalline layer
samples were formed, by cathodic sputtering. A first layer (having the

35 aforementioned compaosition) was thus formed at 400°C, and Figure 1
shows a top view of this layer, this view having been achieved with an FIB
(Focused ion Beam) microscope, at an angle of 30°. Figure 2 illustrates the
"log-normal” distribution of the grain size of the Figure 1 layer. Likewise, a
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The fifth step of the method consisted in comparing values f1 and 2,
15 and determining from among these two values the smallest structure
parameter value, thereby allowing the corresponding temperature (i.e. T1
or T2) which is considered as that which optimises the etching rate, to be
determined. It is clear from table | that, in this case, said optimising
temperature is 400°C, i.e. a temperature ailowing the formation of a
20 polycrystalline layer having a small grain boundary density.

The sixth step of the method would consist of forming a
polycrystalline layer having the aforecited composition by cathodic
sputtering, at a substrate temperature equal to 400°C, then etching said
layer by an etching process called « RIE », the deposition process and the

25 etching process being generally implemented to optimise the etching rate.

In order to confirm such a result, the Applicant of the present
invention has measured the etching rate for each of the two samples.
Etching rate values v1 and v2 for temperatures T1 and T2 are set out in
table I! hereinafter.
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1og‘°vi (nm ni n) of 8.8% bgtyeen values v1 and v2 gisfableti will be noteds c| ear from
this Table that the etphofigriéisamnsaret ihaupretoading caxperifents rdduiguné to
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VL and v2 of Tabi BRPICRINY he Hrereh mevis s F3e0aRursreEeane® Feced ng
experimental nésurdlationship Appiearantchofg tdte \paod esttucture qrarametdrak of different
i ruct ure par amet SaTp foified bt AB-E ARENPC TIARED SR Bod® o o
100[ err] C. Fi gur eeBperioertah points 41 andrd2i Resht BPiNbdilnide espegstively)  illusteating
point 41 (42 resped rat&lidnship 'bugﬁéé# btBirg Pats &/ Bhd WhebiuRe BRIt 6HANT
rate v and structure parameter of . R L
sample formed at 400°C ?100°C respectively), and a linear approximation
15 of these points illustrated by straight line 43.
It will be noted that straight line 43 has a negative gradient, which
means that etching rate v tends to decrease with structure parameter f,
i.e. with the substrate temperature, in the temperature range selected
during the first step of the optimising method. It wiit be recalled that the
20 example illustrating the implementation of this method, in relation to Figures
1 to 6, concerns the case of an etching agent able to react with the
preponderant chemical species present in the grains.
Also by way of illustration, similar results obtained during a second
implementation of the method according to the present invention can be
25 cited, in the case of a polycrystalline layer formed of titanium and tungsten.
The Applicant of the present invention then measured the etching rate for
first and second sampies of such a layer formed at 20°C and 250°C
respectively.
The values vi of the etching rate of the first and second samples
30 formed of titanium and tungsten, for the corresponding temperatures Ti
are set out in Table Ill hereinbelow.
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15 2b, 3a, 3b and 4.
For this purpose, one will recall that the existence of grain
boundaries in a polycrystalline layer involves segregation of the chemical
species of such layer. Table IV summaries hereinbelow several chemical
species designated A liable to become segregated in polycrystaliine layers
20 including a preponderant chemical species designated B.

Table IV
A B
H,C,Cu,P,B Si
Sn GaAs
Fe, Ni, Al, C, O, Ti, Cu, Mg Si
Ga,0,, As,O, GaAs
Bi Zno
25 It will be noted that in Table {V aluminium and silicon are two species

liable to become segregated.
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determ ned, and by a roces ose al agent can react
one of said two csamr-h@rp@al species whlchs'sttmpfﬁnﬂﬂéﬁ@é\i éﬁ@c@ﬁé%lﬂ& layer.t he

| ayer, said nethqd H%hgﬂ! ?\Qiud: a first step consisting in selecting at
| east first and seco fferent 10  substrate te era@ures

second step consi sting@ first stepi sRNSISHPEIPFSIRFlNg %t 8sty ﬁB§PF|§ﬁ?°BEd%§%"§"t at
said first and S@ggﬁa@l@ﬁp@@mmgn@'ﬁra{ar es, first and a second respective

sarpl es hayi 19 he SaTe CTRASkEh WndEs T OHTHE: SR 6 SRETabidin °°

([err]; [err]2) gprocadse dtisaid firstdarsk secendiisspstraie dempefaturds] firgeand ) of

tsngs,?; :it 2 sizes QfachR§ rb&pittive SaRpHY Nalidg ¥ SBfeomidtditidn S saf?d second
predetermined composition;

15 - a third step consisting in determining the first and second averages
{(11; u2) and the first and second dispersions {61; 62) of the grain sizes of
the layer respectively formed at said first and second substrate
temperatures from said first and second samples ;

- a fourth step consisting in calculating, from said first and second

20 averages and said first and second dispersions, first and second values
(f1; f2) of a structure parameter (f) representing the grain boundary
density of the layer, this parameter being defined as a function of the
average (u) and the dispersion (o) of the grain size of the polycrystalline
tayer formed of said chemical species;

25 - a fifth step consisting in determining the smallest parameter
structure value from among those calculated in said fourth step, the
temperature corresponding to this structure parameter value being
considered as that which optimises the etching rate; and

- a sixth step consisting in implementing the deposition process-

30 according to the conditions determined in the fifth step, then the etching
process, to make the polycrystaltine layer.

2. Optimising method according to claim 1, wherein the function
used for calculating the structure parameter (f) during said fourth step,
has the féllowing form:

35 '



tenperatures fromsaid first and second sangiges; - a fourth step consisting
in calculating, fromsaid first and second 20 averages_and said first and
second di spersions, first and second values (fl; f2) of a structure
paraneter (f) representing the grain boundary density of [{BEREIEY BN D)
paranmeter being defined as a function of the gverage ([er”fnm ﬂmmmr"ml
di spersion ([err]) of the grain size of fﬁé—ﬁmrystal i e Fayker ¥ or®med of
said chem cal species; 25 - afifth ep consisting in determning
the smal | est paraneter structure value from anong those calculated in said
fourth step, the t 1 : i ter
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si xth step consi defefgnges i @pdeneesignaje rasPeriivelyi said avenagecand said dispersionng
to the condi tIg)I’lQ,fG[ﬁégrﬁhnﬁfh oh i BolleivblalimeciByed hen the etching process,
to make the polycrystalline | ayer. 2. timsing nmethod according to claim
1, wherein the function used for calculating the structure paraneter (f)
during said fourth step, has the following form 35 10 where the -
reference f designates said structure paraneter, and the references [err]
and [err] designate respectively said average and said dispersion 5 of the
grain size of the polycrystalline |ayer.




