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- TITLE OF THE INVENTION

Semiconductor Device and Process of Manufacturing The Same

BACKGROUND OF THE INVENTION
1. Field of the Invention .
The present invention relates to a semiconductor

device and a process of manufacturing the semiconductor

~device. In particular, it relates to a semiconductor device

provided with minuscule through h,ole's formed by' dry etching
and a process of manufabturing the semiconductor device.
2. Description of Related Art

In a step of dry etching performed on an 1nsulat1ng

. film or a conductlve film in the manufacture of a

semiconductor device, a phenomenon called "chargirigf' occurs,_
e., extremely high electric potential is -partially applied due to |
c'harge migration within a wa.fer The chargmg is caused by
non- un1form1ty of plasma utilized as an etchant leading to
variation of an amount of i ions injected in a wafer surface.
In the current situartion; the charging is remarkably

probiématic since a low pressure (e.g., 0.01 to 0.1 mTorr) and-
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‘high density plasma source such as ECR (electron cycletron

resonance), helicon, helios and the like is coming into common
use for the purpose of further miniaturization.

The charging in the wafer may pdssibly damage a gate

X oxide film of transistors formed by a series of manufacturing

steps, which deteridrates feliability of the semi_cqnductdr
device. | |

Further, there is a te'ndency to form much thin.ner
gate oxidg film in accordance with the .miniatu.riza".tion of lthe '

semiconductor device, which seriously promotes the damage

caused by the charging.

'Theref_ore, variou_s _eXaminatiqns have been co_r_xductéd :
on the mechanism of how the damage is caused by the -

charging and on measures of alleviating the d'amagé.' Further,

evaluation with respect to Qep, TDDB (time depender'lt.

' dielectric breakdown), hot carriers and the like has been

performed with {rarious an'tenn'_a patterns to _examiné the
occurrence of the gate breakdown. From fhe results thereof,
curre'ntly employed is a pfeventi'on lof the gate breakdown by
giviﬁg a limitation to the antenna ratio ac¢ording to the
designing rule at a stage:of 'designing the semiconductor
device. | |

" However, the damage due to 1;.he._cha'1.'ging hés not
actually been alleviatedjvery much. Under the present

circumstances, charging which does not lead to the gate
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breakdown and that accumulates in a floating gate are not
questioned.
The charging which does not lead to the gate

breakdown may possibly vary contact resistance in via holes

formed by dry etching, or raise the resistance in a certain via

| .hole.

For example, whler_e a mctél floating structure
underlies the insulating layer, reac.tion prod_uc.ts may
remarkably be deposited or accﬁmuiated lthro'tligh the etching
or the etching rate of the in_éulating layer to the 'underlying
structure may be varied as compared to fh_e case where the
underlying structure is not ﬂbé;ting. It is known that the
etching rate of the insulating layer to.the underlying structure
is varied in accordance wifh-' an area .of the underlying metal -
floating structure or an amount of charges accurhula’te& in the
me_tal floating str'uctull"e‘.

'Acco:_'rdingly, if the charging occurs in the und'el_'lyil_'ig

.. metal structure or the like in the case where a plurality of

contact holes or via holes have been simult_éneou_s’ly.for,niqd
under fhe same conditions, the '¢tching rate of the-insulating
film may increase dépendihg"on the kind and the size of the
underlying structure. -Fu_rthef,_ reactioﬁ p_r’oduc'ts are pértially
depoéited in the holes, which leads to poor conduction at the
holes and increase of the hole resistance. |

"To deal with such a problem, means of decreasing the
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etching rate of the_i'nsulating film to fhe underlying structure
has conventionally been employed, for example, by reducing an

amount of easily depbsiting gas (C4Fs, CH2F2 and the like) or

" increasing an amount of diluent gas such as Ar and He to

decrease a partial pressure of the easily depositing gas and
reduce the depos1t1on of reactlon products
However, the decreased etching rate causes

over-etching of the underlying structure and increases loss of

the underlying structure, which is problematic since a

pr0cessin'g margin is reduced.

Under such circumstances, it nas been required an
alternative mcthcd of forming the 'via holes or the contaCt hol_es '
by dry ctching while preventing the deposition and the
accumulation of reaction produccs, as wcll as the variation of i

the etching rate which will cause poor conduction and high"

hole resistance.

SUMMARY OF THE INVENTION

The present invention has been achieved in view of the
above-mentioned problem. An objective of the present
inventi'on is to provide a procesc_of manufacturing a
semiconductor device capable of forming the via holes by dry
etching while preventing 'th"e.deposition and the accumu'latidn

of the reaction products, the variation of the etching rate and

~the reduction of the processing margin, as well as the

semiconductor device itself.
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According to the_ present invention, provided is a
semiconductor device compfising a first insulating'film-, a
wiring layer and a second insulating film formed in this order

on a semiconductor substrate, the second insulating film being

provided with one or more through holes formed onto the

wiring layer, wherein the wiring layer is electrically isolated by .

‘the first insulating film. and the second_insula:ting film at a

region other than a region where the through holes are formed, -

and a ratio between a total of a bottom area of the through

holes formed onto the wiring laye;r and a top surface area of -

‘the wiring layer is 1:300 to 10,000.

‘Still according to the present invention, provided is a

process of manufacturing a semiconductor device comprising:

forming a first insulating film on a semiconductor substrate;

forming an electrically ﬂbating wiring layer on the first.

insulating film; forming a second insulating film on the wiring

~ layer; and forming one or more through holes in the second

insulating film onto the wiring layer so that a ratio between a

total of a bottom area of the through holes and a top surface

. area of the wiring layer is 1:300 to 10,000.

These and other objects of the presen_t application will

' become more réadily apparent from the detailed description _

given hereinafter. However, it should be un\derstood' that the
detailed description and specific éxamples, while indicating

preferred embodiments of the invention, are given by way of

!
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illuetr'ation only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art fro'm this detailed

descr1pt1on

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1(a) to 1(e) are schematic sect1ona1 views
illusfrating steps of a process of manufacturing the
semiconductor device according to the present invention;

Figs. 2(a) arid.2(b) are schematic sectionaI views
illustrat'ing steps of manufacturing a capacitor u'eed_ fcr :
capac1tance measurement in order to establish the cond1t1ons

of forming through holes in the process accordlng to the

present invention;

Fig. 3 is a graph illustrating a relationship between an
etchihg rate and a ratio of an area of an upper electrode/ a

tctal bottom'area of via holes in the case where the via holes

are formed with various masks;

Fig. 4 is a graph illustrating a relationship between a

.percentage of capac1tance decrease and the ratio of an area of

an upper electrode /a total bottom area of via holes in the case
where the via hole‘s are formed with a magnet1c field-excited
reactive ion etching apparatus .While varying fhe -aspect ratio
and using various jmasks; end : | N |

| Fig; 5is a graph illustrating a reIation_ship between

the percentage of capacitance decrease and the ratio of an area
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of an upper electrode/a total bottom area of via holes in the

case where the via holes are formed with an inductively

coupled plasma' etching apparatus while varying the aspe.ct

ratlo and using various masks

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present 1nvent10n relates to a semlconductor
device having at least a first 1nsu1at1ng f11m, a wiring layer and

a 'second insulating film in this order, preferably formed on a

semiconductor substrate, and a process of manufacturing the

same.

As the semicenductor substrate used in the
s-emico-ndu'ctor device of the present invention, applicable are
various kinds of substrate_including element semicondu'ctor
s_ubstrates such as of silicon, germanium and the like,

'compound semiconductor substrates such as of GaAs InGaAs

and the like, SOI substrates and multllayered S0l substrates

Among them, the silicon substrate is preferable The

sem1conductor substrate may be combined with semlconductor

clements such as tran51stors and capacitors, circuits, W1r1ng :

layers,; device isolation regions and insulating films formed

_independently or in combination thereof as desired thereon.

‘The first insulatirxg film generally implies an
insulating film capable of exhibiting various functions such as
a gate oxide film, a tunnelh oxide film, an interlayer insulating

film, a capacitive insulating film and the like. Material and
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.thickness of the insulating film are not particularly limited as
long as they are generally.applicable to the semiconductor - -
-device. For example, the insulating film may be a

. single-layered or multi-layered silicon oxide film (thernlally'

oxidized film, LTO film, HTO film and the 11ke), a s111con n1tr1de

film, a SOG film, a PSG f1lm a BSG film, a BPSG film, PZT

. PLZT, a ferroelectric film or ant1-ferroelectr1c film. The _

thickness may suitebly be selected depend_ing on the functions
of the film, but-"may be ab.out 700 to lll)O nm, for example.
The first' insulating film may be _forr'ned either on' an almost ..
entire surfalcel or..a paftial surface of the sen'li_eonductor |

substrate as long as a wiring layer to be formed thereon can be

‘in an electrically floating state as mentio,ned_ later. .

The wiring layer is electrically isolated by the first

insulating film and the second 1nsulat1ng f11m as mentioned

" later at a reg1on other than a region Where the through holes

are formed as ment1oned later.

‘The wiring layer is not pafticularly limited as long as
it is formed of a conductive material. For example, it may be

a single—layered or mu‘lti—layered of an arnorphous,

monocrystalhne or polycrystalhne N- or P- type element = -

semiconductor (e.g., silicon, germamum and the like), or a

compound semiconductor (e.g., GaAs, InP, ZnSe, CsS and the
like); metals such as gold,"pl‘a'tinum, silver, copper, aluminum

and the like; refractory metals such as titanium, tantalum,
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tungsten and the like; silicide or polyside with a'refractory

metai; transparent conductive film such as IT'O,' SnO2, ZnO

| and the like. The thickness of the wiring layer may be

selected d'epending on its function, for example, about 400 to_

600 nm. The. configuration of the wiring layer is not

- , .particularly limited and may be in the for_m of rectangle,

str1pes islands, lattice and the like. ' The wiring layer may be

.an upper electrode of a capac1tor, a dummy electrode, a

ﬂoating gate of a nonvolatile transistor and the like.

The semiconductor devxce of the present 1nvent10n
rnay further comprise a conductive layer such as an electrode
a wiring layer, the wiring layer is electrically isolated from the
eond.uctive_layer. For example, the conductive layer may be a -

layer which is formed simultaneously with or previously to the.

_Wiring layer. Here the layer formed s1mu1taneous1y with the

: W1r1ng layer may be a layer der1ved from the same layer that

the wiring layer is originated from, a layer made of the same
material as the wiring layer or a layer formed on the same level

as the wiring layer. The layer formed previously to the wiring |

-layer may be a layer formed in an earlier step than a step of .

form1ng the W1r1ng layer or a layer formed under the f1rst
insulating llayer or the wiring layer_. However level of both of
the layers from the semiconductor substrate is less rmportant
because it varies depending on a surface configuration of the

semiconductor substrate including an insulating film and the
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like. At least one wiring layer which is electrically isolated as
mentioned above, if two or more wiring layers are provided
thereon, other wiring layers may be connected with the
conductive layer formed s1multaneously W1th or prev1ously to
the wiring layer |

o The second insulating film is in general an insulating
film capable of serving as an interlayer insulating film. -

Material and thickness thereof are not particularly limited as

| long as they are generally applied to the semiconductor device.
For example, suitable material and thickness may be selected
 from those listed for the first 1nsulat1ng film. Among them, it

. may preferably be a s1licon ox1de film, a PSG film, a BSG film

or a BPSG film in a thickness of about 700 to 1100 nm. The

second insulating film is formed on the almost entire surface of

‘the semlconductor substrate 1nclud1ng the w1r1ng layer but

- may be formed on a partial surface thereof

The second insulating film is provided with one or

more through holes. It is required that at least one through

' hole is formed immediately above the wiring layer as mentioned

above. Where a plurality of the through holes- are'provided-,

some or all of them may have different size and/or

conf1gurat10n but the plural through holes prov1ded above the

same wiring layer are preferably formed in the same size and

configuration. It is more preferable that all the through holes

provided above the same wiring layer are the same in size and

10
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configuration The s1ze and. the configuration of the through
holes are not partlcularly limited, but a bottom area of each of
the through holes may suitably be about 0.1 to 1.0 4 m?, 0.1
to 0.6 MmZ,. 0.2 to 0.5 £t m?2 or 0.3 to 0.4 M_m2. Further, the

aspect ratio of each of the through holes may suitably be set to

- about 4 or less, about 3.4 or less, about 3.4 to 1.0, about 3.0

to 1.0 or about 3.0 to 2. 5 The number of the through holes
may su1tab1y be adjusted dependlng on the size of the

underlying wiring .laYer or the like, but for example, it may be

| about 1 to 10,000. The through holes are suitably provided

so that a ratiob_f a total of a bottom. area of the through holes
with respect to a top su,rfa_cle {irea of th.e wiring layer becomes
about 1 300 to 10,000. More preferably, the ratio rnay be
about 1:4-00 to 10,000, about 1:440 to'4 000 | or about 1:440I‘t.o

_1 500 The. conf1gurat10n of each of the through holes is in

the form of circle or semlclrcle in general but may be in the
form of rectangle or other polyg_o'ns. A suitable combination of -

the number, bottom area and aspect 'ratio of the through holes,

as well as the ratio of the total bottom area of the through

holes with respect to the surface area of the wiring layer are

‘selected within the above-described range and further

' combined with a proper etching method and/or etching

conditions of the second insulating film. Accordingly,'
deposition and accumulation of reaction products generated

during the formation of the through' holes are effectively

11
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prevented, and thus conductive materials are _cennected
through' the through holes while preventing an increase and
variation of con_tect resistance. |

At the first ohset of the procesé of manufacturing the

semiconductor device of the present invention, the first

insulating film is formed on the semiconductor substrate.

The formation of the first insulating film may vary depending

on the material used, but may be carried out by a thermal

~oxidation, a CVD method, a sputtering, 'a vapor deposition or

the like. The first insulating film may be formed on an entire
surface or a partial surface of the semicondl;Icto'r substrate.

On the first insulating film forrhed_ is an electrically

floating wiring layer. For example, the wiring layer may be

provided by forming a conductive film on the entire surfaee of
the first insulating film by a CVD method a sputtenng,

vapor depos1t1on or the like and then pattermng the conductwe
film into a desued conflguratlon by a known method such as |
photol_i.tho'gr.aphy and etching. It is preferable to pattern the
conductive film so that the .W_iring layer is provided in a region
where the first insulating film _only- is underlying, that is,

where contact holes are not formed, in order to obtain an

-electrlcally ﬂoatmg state of the w1r1ng layer

Then, the second 1nsu1at1ng f11m is formed on the
wiring layer.in the same manher for forming the first

insulating film.

12
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Next, one or more through holes .are formed in the
second insulating film onto the wiring layer. The fdrméti'o.n of
the through holes is carried out by a knoﬁrn method such asl
photolithography and etching. The _étchiri_g may be dry
etching such as é. sputtering, a reactive ion etching, a plasi’na
etéhing and the like, or wet etching using acid or alkali, but
the dry etching is preferable. In particular, th_e through holes
are formed in the second insulating film by dry _etc'hin.g so that
an etching rate between thé second insulating film and the
underlying wiring layer; i.e., the étching rate of the second
insulating film/the wir’ij;é layer béconﬁes greater thaﬁ 1, m.ore
preferably greater-than 5, 10 or 20. Th_is etc'h_ing..is carried
out, for-example, by a plasma etching and a reactive ion" .

etching. More specifically, plasma et‘ching is performed by an

inductively coup'led plasma e'fchirig' a'i)par-atus utilizing CzFé_,

CaFs, Ar and the like gases as etchants. 'Reactive ion etching

- is performed by a magnetic field-excited reactive ion etching

apparafus utilizing C4Fg, CO, Ar, Oz and the like gases as
etchants. T.hé through holes n.eed to be formed so that the
ratio .of a total bottom area thergof to a ,tbp surface aréa' of the
wirihg la_lyef is about 1/300 to 10,000. The bottom. area and
the aspect ratio of the through holes are'not particﬁlérly
limited but those within the above-mentioned rahge are
suitable. | | L )

Further, according to the present invention, contact

13
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plugs rriay be formed in the thus formed through holes of the

- second insulating film by a known method, arnd then an upper

wiring layer, upper electrode and the like may be formed on the

contact plugs and the second insulating film. A rriult_ilay‘ered

'wiring structure is realized by repeating a series of these steps.

Hereinafter, an exampl.e' of the semiconductor device
and the process of manufacturing the same according to the

present invention will be described with reference to the .

- drawings.

Experimental Example 1

Capacitors together w1th via holes were formed in
order to determine the condltlons of dry etching to be

performed in the process of manufacturmg the sem1conductor

device accordlng to the present invention.

As shown in Fig. 2(a), a high concentration impuritjr

‘region 22 was formed as a lower electrode of the capacitor by

ion implantation on a silicon substrate 20 provided with device
isolation regions 21. The high concentrattion' impurity region
22 was sized into about 20 ¢ m smaller in lengthwise and

breadthwise directions than the size of an upper electrode of

‘the capacitor described in Table 1.

On the silicon substrate 20 a silicon oxide film 23 and

a silicon nitride film 24 were successively formed as an

insulating film of the eapacitor and a layered film 25 of TiN.

(1000 A)/Ti (50 A)/Al-Cu alloy (4000 A)/TiN (200 A) /Ti (300 A)

14
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. was formed as an upper electrode of the capacitor. The

- layered film 25 and the silicon nitride film 24 were patterned

utilizihg 6 different masks to have the sizes described in'Tab_le
1. Thue, capacitors each having a floating upper electrode.o_f
different size were formed.

- Capacitance of each of the thus obtained capacitors

was measured as an initial capacitance by C-V measurement

method. The results are shoWn in Table 1.

Then, on each of the obtained capacitors an interlayer

. insulating film 26 made of a silicon oxide film of about 1.1 m .

thick wes formed..

Iﬁ the interlayer insu_l_ating film 26, substent_ially
cylindrical via holes 27 reaching the surface of the upper -
electrode are formed in the predetermined number to have a |

diameter of 0.36u m at the bottom thereof by pho_toiithogréphy

- and etchiﬁg utilizing an inductively ceupled p'lasma e-_tchin_g

apparatus or a rﬁagnetic field-excited reactive ion etching
apparatus and the masks of 6 kinds shown in Table 1.

~ The iﬁductively_ coupled plasma etching apparatus was
used under the conditions of source pewer: 1900- W, bias N |
power: 1400 W, .etch.ing pressure: S mTorr, flow rates of C2Fs
gas: 10 sccfn, C4Fg gas:' 6 sccm and Ar gae: 95 sccm. The
magnetic field—eicited reactive ioﬁ etching apparatus- was used
under the conditions of source power: 1500 W, etchiﬁg

pressure: 30 mTorr, flow rates of C4Fs gas: 12 secm, CO gas:

15



50 sccm, Ar gas: 2000'sccm and Oz gas: 5 sccm'.

Table 1
Mask No. | Size of upper | Initial capacitance Number of
electrode - of capacitor .- via holes
(4 m) (PF) -
1 220X220 167 _ 1062
2 . 320X320 346 1274
-3 420X420 ' 570 1274
4 820X 820 1600 1698
S 1620X 1620 3000 : 2546
6 3220X3220 - 5000 4242

The etching rate betvs}eeh the silicon oxide film serves .
5 as the interlayer insulating film and an underlying TiN layer
" ‘was measured at the Idry etchiﬁg to form the via holes.
Further, the ratio of a total 'botfqm é.fea of the via holes / an
) area of the upper electroc_il-e_ Wgs calgulatéd from Table 1 (éeé
‘Table 2). From thé.re:sult's., a lrela'tiq_nsh_ip betweén thé .etlching
10 1.”a_te of the .si_licon oxide in'te.lr-'layer insulating film/the
underlying TiN layer and the ratio of the area of the total
| bbttom afea of the via holes / the upper electrode was |
evaluated with respect to the obtained capacitors. The results

are shown in Fig. 3.

15 Table 2 o
- |Mask| Area of upper Bottom area of | Area of bottom area
No. electrode via holes of via holes/ upper
- (4 m2)y (4 m2) electrode
1 48400 . 108 448
2 102400 118 867
3 176400 129 1367
4 672400 172 3909
5 2624400 258 ' 10172

16
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~ etching step and reaction products were deposited on the TiN

- with the masks of No. 1 to 4 were favorable in etching rate of

| 6 | 10368400 | 431 | 24056 ]

.Fig. 3 shows that in both of the cases where the

inductively coupled plasma etching apparatus and the |

" magnetic field-excited reactiv_e ion etching apparatus were used

to form the via holes, the etchihg rate of the interlayer
1nsulat1ng film to the underlying T1N layer increased as the
'area of the lower electrode became larger i.e., as the area

occupied by the via holes per unit area of the upper electrode

. became smaller In the case -of the magnetic field-excited

reactive ion etch1ng apparatus (as 1nd1cated by @ in Fig. 3),

~ the etching rate of about 42 to 80 W1th respect to the

underlying TiN layer was obtained in the capacitors patterrle'd
with the masks of No. 1 to 4. In the case of the inductively
coupled plasma etching apparatus (as indicated by [ in F1g
3), the etchlng rate of about 27 to 80 with respect to the
underlying TiN layer was obtained in the capacitors patterned
'with the masl:s of No. 1to 4. In the capacitcrs patterrl'e'd with
the masks of No. .5- and 6, the etching rate of 80 or more with
respect to the underlying TiN layer was obtained in both of the

cases, but polymers were .generated in the via holes.during the

layer.

Therefore, it is found that the capacitors obtained

17 -.
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the in-térlaycr insulating film to the underlying TiN layer and

the masks of No. 5 and 6 were inapplicable to the process of

- the invention.

- As a Comparative Example, various capacitbrs and via
holes wére forme-d; in the same manner as the abqve-de_scribed '
Expérimental Example exc.ept that the.upper electrode was _ '
connéctéd to the silicon substrate aﬁd thus was not iﬁ a
floating state. A relationship between t.hé.etching rate and"

the ratio of the total bottom area of the via holes / area of the

‘upper electrode was observed. | As a result, the etching rate

was constant at about 22 to 25 as shdwn in '_Fig. -3 in both of

the cases where the magnetic field-excited reactive io-n .e,tchingl
é.pparatus was used (A in Fig. 3) and the inductively coupled
p-l"asma' etéhing was used (M in Fig. 3), régardless of the area
of the .upper electrode and the bottoin area of the via holes.

Thereafter, as shown in Fig. 2(b), an aluminum film 28

._was formed oh_the inter_layer insulati'ng film 26 in which the

via holes 27 had been formed and patferng_d. into a desired

~configuration to form contact plugs and a wiring layer. -

Experir.ne'ntal- Example 2

Capacitors, \}ia holes, contact plugs and a wiring layer
Wére férmed with the same masks and in the same manner as
in Expe.rimental Exampie 1 except that the Sria holés were |
1_'ormed to have a diameter.of 0.32um (aspeét ratio: é.bout 3.4),

0.36 4 m (about 3.0) and 0.40 £ m (about 2.7).

18
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Capacitance of each of the obtained capac1tors was
measured in the same manner as in Expenmental Example 1

after the formation of the via holes the contact plugs and the

.;.;-‘_.W1.r_;1ng_ layer. Then a decrease proportlon thereof from the
'.ini‘tial capacitance of each of the capac1tors measured in
: 'advance before the format1on of the via holes was calculated
-The decrease proportion from the initial capac1tance to the
capac1tance measured after the, formatlon of the via holes was
'-,:E'.evaluated in percentage. -Figs 4' and 5 show the results. Fig.
4 shows that the percentage of the decrease in the case Where
. ._’the v1a holes were formed by the magnet1c field-excited reactive
1on etch1ng apparatus and F1g 5, shows the same in the case
;'1-";;-'where the via holes were formed by the 1nduct1ve1y coupled

L '-_plasma etch1ng apparatus

F1g 4 1nd1cates that 1 no capac1tance decrease was -

-’-:observed when the via holes havmg the aspect rat1o of 2. 7 to
';l ;’-""'.’-":_“-3 4 Were formed in the capac1tors formed with the masks No 1
e '_:to 4 by the magnet1c f1e1d excited react1ve ion etching

- apparatus That is, the via holes were prov1ded W1thout
_depos1t1on and accumulat1on of the react1on products due to '

i._'the etchlng

_Furt-her, Fig. 5 indica_tes.,;that when the via holes

having any of the above-mentione'd.:aspect ratio were formed by

- the inductively coupled plasma etching apparatus in the

capacitor formed with the mask No. 1, no capacitance decrease-

19
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-contact plugs or the wiring layer. In particular, the

was observed, i.e., the via holes were formed without the
deposition and accumulation of the reaction products. Where

the aspect ratio was 2.7 and 3.0, the decrease of the

._'.capac1tance was not observed in the capamtors formed with the

| masks No 1 to 5

It Was also found that the percentage of the
capac1tance decrease becomes greater as the aspect rat10.1s
lncreased (an openmg area of the via holes is decreased).

,- From the results, it is possible’ to consider as .follows.

Durlng' the dry etching step, an amount of charges per

"j:-"'.':;unlt area of the via holes increases by electron shading effect.
Accordmgly, charglng occurs W1th1n the underlymg TiN layer
'_-;'When etchlng 1s performed to expose the T1N layer Then the

_--__..f-'-charges are accumulated in the T1N surface react1on products :

-by stat1c electr1c1ty and the react1on products are depos1ted

| and accumulated at the bottom of the via holes. The
.-'a-ccumulated reaction products 1ntervene between the lower
- _.electrode of the capac1tor and the contact plugs, wh1ch serve
~as an undes1rable series another capac1tor 'As a result, the

.. capac1tance between the lower electrode and the w1r1ng layer '

decreases Therefore, contact res1stance may increase or

circuits may be opened between'the'upper electrode and the

capacitance remarkably decreases in a capacitor in which the
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" area of the upper electrode is large and the-area of the via

holes is small, as the capacitor formed by using the mask No.

6.
. ._'F_ror'n" the above, it is favorable to'form'the via holes in
the ihterlaye'r insulating film of the c':apacitor having any of the

structures obta1ned with the masks No. 1 to 4 by ut111z1ng the

.magnet1c f1eld exc1ted reactlve ion etch1ng apparatus or the
_ '1nduct1ve1y coupled plasma etch1ng apparatus to have the
" aspect _rat.1o of 2.7 to 3.0, since the .de.crease of the capacitance

‘will not occur or is small.

Fig. 4 ‘shows that the ratio of the area of the upper

_.electrode /the total bottom area of the via holes in the

| .capac1tors formed with the masks No 1 to 4 is 345 to 3015

the ratlo of the total bottom area of the via holes /the area

'of the upper electrode is 0 0028 to O 00033 By l1-m1t1ng the
: "areas of the upper electrode and the via holes to have such.a
_, rat1o dry etchmg can be performed W1thout depos1t10n of the

, reactlon products at the bottom of the via holes.

' Where the v1a holes hav1ng the aspect ratio is 3.0 are

: .formed in the capac1tors formed with the masks of No 1 to 4,

.the ratio of the area of the upper electrode/the total bottom

area of the via holes is 448 to 3909, 'i.e._', the ratio of themtotal

bottom area of the via holes/the area of the upper electrode is

0.0022 to_ 0.00(15)'525.. - By limiting the areas of the upper

electrode and the via holes to have such a ratio, dry etching
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can be performed without deposition of the' reaction products

‘at the bottom of the via holes.

Hereinafter, the process of manufacturing the
semiconductor device according to the present invention will
be described.

 As shown in Fig; 1(a), a transistor comprising a gate

~ electrode 2 and sourée_/ drain regions 3 is formed by a known

method on a semiconductor substrate 1 provided with device
isolation films S. Then a first interlayer insulating film 4 is
formed on the transistor. |

Then, contast 'h';oles are formsd in the first interlayer'
1nsu1at1ng film 4 to reach the source /dra1n reglons 3anda

first wiring film 6 of tungsten is formed thereon by sputtermg

'or the 11ke as shown in F1g l(b)

As shown in F1g l(c), the f1rst wiring film 6 is etched

back for planarization until the surface of the first interlayer

'insulating film 4 is exposed to form contact plugs 7 connecting

to the source/ drain regions 3. On the first interlayer
insulating_filrn 4 in which the contact plugs 7 have been buried

a second wiring film 8 o.f aluminum is formed by sputtering or

~ the like and patterned into a desired cdnfiguration by

' photolithdgraphy and etching. Among the patterned second

wiring films 8, electrically floating ones are sized into 220 um
X220 um. Then a silicon oxide film of about 1.1 #m thick is

formed thereon as a second interlayer insulating film 9.
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'_.Then, as shown in Fig. i(d), a resist pattern 11 for
forming through holes 10 reaching desired positions of the
éecond Wiring film 8 is formed. . With th.e resist 'patterri 11 as .
a ﬁlask, 1062 through holes 10" ea.ch ha.ving a diameter of
about 0.36 £ m ére formed in the secoln'd interlayer insulating

film 9. The through holes are formed by utilizing an

inductively éoupled plasma etcher ﬁnd_er the conditions of

.source powér:_ 1900 W, bias'p_ower:-1400 w, _etéhing pressure:

5 mTorr and.flow rates of Cst gas: 10 sccm, C4Fg gas: 6 sccm

‘and Ar gas: 95 sccm.

Thereafter, as shown in Fig. 1(e), a tungsten film is
formed by sputtering or the like and etched back as described

shape above to form contact plugs 12. On the second.

interlayer insulating film 9 in which the contact plugs 12 have

‘been buried an aluminum film is formed by sputtering or the

like and patterned into a desired cohfiguration to form a third
wiring layer 13..
In the thus obtained mult_ilayered wiring structure,

reaction products are not deposited or accumulated in the

.through holes and contact resistance between the wirings is |

. not raised. Thus, a favorable wiring structure can be

obtained.

According to the present invention, the ratio of the -

fotalbottom area of the throug'h holes formed to reach the
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wiring layef and the top sufface area of the wiririg layer is
adjusted to 1:300 to 10,000. Therefore, deposition a.rnd'
accu.mulation' of the reaction products during the formation of
the through holes are effeétively inhibited, so that conldu'ctive
materials are connected through the through holes while
preveﬁtiﬁg increase and variation in contact resistance.

In particular, where each of the throﬁgh. holes is
formed to have the aspect ratio of 4 or less and/or the bottom
area of 0.1 to .1.0Lt m2, the increase and vafiation of the
ccl)nta.ct resistancé are éasily prevented. .

| Still ac.cording to the ﬁresent invention, a

semiconductor device capable of preventing the increase and.

variation of the contact resistance is easily manufactured by

* forming a first insulating film on a semiconductor substrate;

forming an electrically floating wiring layer on the first
ihsulating film so that it is not connected to a conductive layef

formed simultaneously with or previously to the wiring layer;

. forming a second insulating film on the wiring layer; and -

forming one or more through holes in the second insulafing _
film onto the wiring léyer s'o. that a ratio between a total of a
bottol.;n aréa of the through holes and a top surface area of the -
wiring layer.-is 1:300 to 10,000.

Where the through holes are formed in the second
insulating film by dry etching at the etching rate of the wiring

layer to the second insulating film gfeater than 1, in particular
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where the dry etching is carried by an inductirely coupied
plasma etching method utilizing C2Fs, C4Fs and Ar gases as
etchants or a magnetic field-excited reactive ion etching
method utilizing C4Fs, CO, Ar and Oz gases as etchantsl, an
amount of charges aécumﬁlateci in the_ underlying wiring layer
is controlled at the etching to form the through holes so that
the deposition and accumulation of the reaction prodﬁ(':ts in

the through holes are easily controlled. Further, increase of

'th.e_contact. resis'tan_ce_'at the through holes is prevented to

improve device properties. Th\is, a highly reliable

semiconductor device can surely be obtained.
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| What is cl_aimed is:

1. A sgmiconductor device compﬁsing a first insulating
film, a wiring layér and a second. insulating film formed in thié
prder on a semiconductor subsfratq, the -second insulating film
being provided with one or more through holes formed onto the
wiring layer,

‘wherein the wiring layer is electrically isolated by the

first insulé.ting film and the second insulating film at a region

other than a region where the through holes are forined, and
a ratio between a total of a bottom area of the through

holes formed onto the wiring layer and a top surface area of

‘the wiring layer is 1:300 to 10,000.

2. A semiconductor device according to claim 1, wherein.

an aspe'ct ratio of the through ‘hole is 4 or 1ess_{Q

3. - A semiconductor device according to claim 1, wherein

the bottom area of each of the thr_oﬁgh holes is 0.1 to 1.0 pm?2.

4. A semiconductor device according to claim 1, wherein
the wiring layer is an upper electrode of a capacitor, a dummy

electrode or a floating gate of a nonvolatile transistor.

5. A semiconductor device according to claim 1, wherein

a contact plug is formed in the through hole of the second
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- contact plug.

TR

insulating film so as to connect the wiring layer, and an upper
wiring layer or an upper electrode is formed on the contéqt

plug and the second insulating film so as to connect the

!

6. A semiconductor device according to claim 1, further
comprising a conductive layer formed simultaneously with the
Wiring. layer, wherein the wiring layéf is electrically isolated

from the conductive layer.

7. A semiconductor device according to claim 1, further

comprising a conductive layer formed previ‘ously to the wiring

- layer, wherein the wiring layer is electrically isolated from the -

conductive layer.

8. - A process of manufacturing a semiconductor device

comprising:

forming a firét insulating film on a semicéndu_ctor
subétrate; |

forining an electricalIy floating wiring layer on the fifst
insulating film; | |

forming a second insulating film on the wiring layer;

| and

forming one or more through holes in the second

insulating film onto the wiring layer so that a ratio between a
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total of a bottom area of the through holes and a top surface

area of the w_i’ring layer is 1:300 to. 10,0.00. -

L9, . A process according to claim 8, wherein the bottom

area of each of the through holes or the .thickn'e-ss of the

second insulating film is determined so that the aspect ratio of

. the through hole becomes 4 or less.

10.. A process' according to claim 8, wherein the through |
hbles.are formed so that the bottom area of each of the

through holes becomes 0.1 to 1.0 pm?2.

11. A process according to claim.8, wherein the through

. holes are formed in the second insulating film: by dry etching
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‘at an etching rate of the wiring layer to the se,éond insulating

B film greater than 1.

12. . A process accbrding to claim 11, wherein the dry
etching is carried out by an inductively coupled plasma etching

method utilizing Cst, C4Fg and Ar gaSes as etchants.

13. A process according to claim 11, wherein the -dry

-~ etching is carried out by a rriagnetic field-excited reactive ion

etching method utilizing C4Fs, CO, Ar and Oz gase's as

etchants.
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