3 0 SEP 2004 TITLE OF THE | NVENTI ON Sem conduct or Devi ce and Process of
Manuf acturing The Sanme 5 BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The present invention relates to a semn conductor deV|ce3@quqﬂm
process of manufacturing the sem conductor 10 device. In particular, It
relates to a sem conductor device provided with m nuscul e through hol es
formed by dry etching and a process of manufacturing the sem conductor
device. 2. Description of Related Art In a step of dry etching perforned on
an insulating 15 filmor a conductive filmin the manufacture of a

sem conduct or device, a phenonenon called "chargi ng" occurs, i.e.,
extrenely high electric potential is partially applied due to charge
mgration within a wafer. The charging is caused by non-uniformty of

plasma utilized as an etchampritesioe TAEINPENSFIGR of an anount of ions
injected in a wafer surface. In the current situation, the charging is
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resonanc hel i con, helios and the I|ke is comng into conmmon wuse for the
pur pose f further miniaturization. The charging in the wafer may possibly

damage a gate
BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a semiconductor
device and a process of manufacturing the semiconductor
10 device. In particular, it relates to a semiconductor device
provided with minuscule through holes formed by dry etching
and a process of manufacturing the semiconductor Vdevice.
2. Description of Related Art
In a step of dry etching performed on an insulating
15 film or a conductive film in the manufacture of a
semiconductor device, a phenomenon called "charging” occurs,
i.e., extremely high electric potential is partially applied due to
charge migration within a wafer. The charging is caused by
non-uniformity of plasma utilized as an etchant leading to
20 wvariation of an amount of ions injected in a wafer surface.
In the current situation, the charging is remarkably

problematic since a low pressure (e.g., 0.01 to 0.1 mTorr) and



5 oxide filmof transistors fornmed by a series of manufacturing steps,

whi ch deteriorates reliability of the sem conductor device. Further, there
is a tendency to formnuch thinner gate oxide filmin accordance:ymiEtmm
m niaturization of the 10 sem conductor device, which seriously prono gs

t he danage caused by the charging. Therefore, various exam nations have
been conducted on the nechanismof how the danage is caused by the
chargi ng and on neasures of alleviating the damage. Further, 15 eval uation
with respediltodopsityope stRangO dERR Sa asdE& Rdel¢ctinreayddatiqn hot
carriers and the |like has been perforned with various antenna patterns to
exam ne theesocmneehceebfonhehgiaoe dndatvotike ks eorhhegriesdl ¢snikhereof
currently enployed is a prevention of the gate breakdown by 20 giving a

limtationuge foe thrt DIt b faselediMoniaiheatidesi gning rule at a stage
of designing the sem conductor device. However, the damage due to the
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contact ressitgit)zg?%ehicrh Vcieater}?cl)Fastes reliability of the semiconductor

device.

Further, there is a tendency to form much thinner
gate oxide film in accordance with the miniaturization of the

10 semiconductor device, which seriously promotes the damage
caused by the charging.

Therefore, various examinations have been conducted
on the mechanism of how the damage is caused by the
charging and on measures of alleviating the damage. Further,

15 evaluation with respect to Qgsp, TDDB (time dependent
dielectric breakdown), hot carriers and the like has been
performed with various antenna patterns to examine the
occurrence of the gate breakdown. From the results thereof,
currently employed is a prevention of the gate breakdown by

20 giving a limitation to the antenna ratio according to the
designing rule at a stage of designing the semiconductor
device.

However, the damage due to fhe charging has not
actually been alleviated very much. Under the present

25 circumstances, charging which does not lead to the gate



5 fornmed by dry etching, or raise the resistance in a certain via hole.
For exanple, where a netal floating structure wunderlies the insulating

| ayer, reaction products may remarkably be deposited or accunulat%ﬂb
through the etching 10 or the etching rate of the insulating |ayer SH%@NL
underlying structure may be varied as conpared to the case where the
underlying structure is not floating. It is known that the etching rate of

t he insul ating,l ayver to nder | yi structure is varied in accordance
with an ar bzgeglkcfl%@nuﬁﬁéfr %?ﬁ&c’r@‘f’é’luq%fgsfllnoét R§TNE E&lGr 2T9M AN anount of
charges accunul ated in the nmetal floating structure. Accordingly, if the
char gi ng o8M&19PReERe underlying netal structure or the like in the case
where a plurality of contact holes or via holes have been sinultaneously

formed 20 under thd&@hzasbasgndigtwinsh dbesetehimad rtat eheofgdtee i nsul ati ng
filmmay increase depending on the kind and the size of the underlying

struct ure. breakiRywnr fagt ipysgibdguctrsy abftler reald tan GERAST LW JIBst he
hol es, which | eads to poor conduction at the holes and increase of the

hol e resis [t s\ f : | the 3
R L e

structure phas conventionally been enployed, for exanple, by reducing an
amount of easrly depositing gas (C4F8, CH2F2 and the like) or increasing

an amount of dil ueﬁ%rQQQaﬁluﬁl%,axghé?eag%e alt ﬁoating structure

underlies the insulating layer, reaction products may
remarkably be deposited or accumulated through the etching

10 or the etching rate of the insulating layer to the underlying
structure may be varied as compared to the case where the
underlying structure is not floating. It is known that the
etching rate of the insulating layer to the underlying structure
1s varied in accordance with an area of the underlying metal

15 floating structure or an amount of charges accumulated in the
metal floating structure.

Accordingly, if the charging occurs 1in the underlying
metal structure or the like in the case where a plurality of
contact holes or via holes have been simultaneously formed

20 under the same conditions, the etching rate of the insulating
film may increase depending on the kind and the size of the
underlying structure. Further, reaction products are partially
depoSited in the holes, which leads to poor conduction at the
holes and increase of the hole resistance.

25 To deal with such a problem, means of decreasing the



5 decrease a partial pressure of the easily depositing gas and reduce the
deposition of reaction products. However, the decreased etching rate causes
over-etching of the underlying structure and increases |oss of the
underlying structure, which is problematic since a 10 processing n&fgeh 200
reduced. Under such circunstances, it has been required an alternative

nmet hod of formng the via holes or the contact holes by dry etching while
preventing thggdepositi n.and the .accunul ation of reaction products, as

wel | as t h&teRing rate 6f the ipsuladme filmte the emdenlyieg sfeusdore
conduction _and high hole resistance. SUMVARY OF THE | NVENTI ON The present
i nventi on Wess searvertioaadly ibeen employed, fabexempie, byerkduobhgmn An
obj ective of the present 20 invention is to provide a process of

manuf act ur iangoantsefiecwiti clegio slein € g pablg, OH P Bt thigelikied Jol es by
dry etching while preventing the deposition and the accunul ation of the

reaction piReyeh§ing teh \Ahiotin 0B1 AilhBA LR H alseaandh gt fig fgduction of

the processing margin, as well as the 25 Sem conductorr%%w ce Itself. 4 30
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second insaFlg‘Hneﬁg%gF }Iagphtéon 0l reac products.

Howevef, the decreased etching rate causes
over-etching of the underlying structure and increases loss of
the underlying structure, which is problematic since a

10 processing margin is reduced.

Under such circumstances, it has been required an
alternative method of forming the via holes or the contact holes
by dry etching while preventing the deposition and the
accumulation of reaction products, as well as the variation of

15 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

20 invention is to provide a process of manufacturing a
semiconductor device capable of forming the via holes by dry
etching while preventing the deposition and the accumulation
of the reaction products, the variation of the etching rate and
the reduction of the processing margin, as well as the

25 semiconductor device itself.



5 provided wth one or nore through holes forned onto the wring |ayer,
wherein the wiring layer is electrically isolated by the first insulating
filmand the second insulating filmat a region other than a regi oh( §ffedilh
the through holes are formed, and a ratio between a total of a bottom area
of the through 10 holes forned onto the wiring |ayer and a top surface area
of the wiring layer is 1:300 to 10,000. Still according to the present

i nvention, provided is a_ process of manufacturing a sem conductor device
conprising: form Agc@Iding te nbel areagntiinmentions@riovedddcison substrate;
15 formng an electrically floating wiring |layer on the first insulating
film fornsamizoyedtaotor weulieti agniprisiog 4 figstiihisigdatimy ilmard forni ng
one or nore through holes in the second insulating filmonto the wiring

layer so thatirdg Nalee HEEEHednd Qh%hlﬁftiﬁ%gﬁ%%gg‘rr%@@ fﬁé%lﬁ&%ﬁwgh

hol es and a top surface 20 area of the wri 'S 000.

These and BHNSI<ARIEEhERTNCUBLERE, APDISANI PTpUL DS SAIR WBIG

readi |y apparent fromthe escription gi'v

it shoyd neer, d that the dgstaile escription, and specific
exanpl (Lags, ﬁﬁ?#g&i?e%é%’@i} PG 25 'fPéfe %%%ﬂbﬂaf%ﬁgw PRE% Hention, are
gi ven by way of ';'f 3 0 SEP 2004 ]it"l | ustratjon only, since various changes and
nodi fi cat i OREE& RRFR PHEETMY f ea‘ﬂtﬂ?@oiﬁ\y%‘f 1§ et HueatlyoisadaitedplEone
apparent to those skilled in the art fromthis detailed description.

the first insulating film and the second insulating 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

10 holes formed onto the wiring layer 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;

15 forming an electrically floating wiring layer on the first
insulating film; forming a second iﬁsulating 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

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

These and other objects of the present application will
become more readily apparent from the detailed description
given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating

25 preferred embodiments of the invention, are given by way of



5 BRI EF DESCRI PTION OF THE DRAWNGS Figs. 1(a) to 1(e) are schematic

sectional views illustrating steps of a process of manufacturing t?g 7004
sem conduct or device according to the present invention; Figs. 2(a) AEf
2(b) are schematic sectional views 10 illustrating steps of manufacturing

a capacitor used for capacitance neasurenent in order to establish the
conditions of formng through holes in the process according to the

resent invgntion;.Fig. 3 is a graph illystrating a relationship between an
U5 ot chi ng ! HsITaLP™ Yn, SIS HA RIS &f%ad?ﬂ%@é?déné‘é]ﬂfl@aéi%nstot al
bottom area of via holes in the case where the via holes are formed with
vari ous nmad¥dhipi ghe spigitaagdaproplel ebthatinugntionl willonstomdet ween a

per cent age of capacitance decrease and the ratio of an area of 20 an upper
el ect r ode/ apmirdn boot i se ekiblkedvim thel est frotrhehtasketahieie t he via hol es
are formed wwth a magnetic field-excited reactive ion etching apparatus
whi | e varyidragctrh‘nptﬁﬁpect ratio and using various masks; and Fig. 5is a
graph illustrating a rel ationship between 25 the percentage of capacitance

decreasg apRiBe DRESEeRIip? N@F?LEIIQ Iﬁiﬁv\@;ﬁ%é’f an upper el ectrode/a

total bottomarea of via holes in case wnere the via holes are forned
AN o et Vel g Bougl PPl AR LN RSBl Ay vi o the
illustrating steps of a process of manufacturing the
semiconductor device according to the present invention;
Figs. 2{a) and 2(b) are schematic sectional views
16  illustrating steps of manufacturing a capacitor used for
capacitance measurement in order to establish the conditions
of forming through holes in the process according to the
present invention;
Fig. 3 is a graph illustrating a relationship between an
15 etching rate and a ratio of an area of an upper electrode/a
total bottom area of via holes ih the case where the via holes
are formed with various masks;
Fig. 4 is a graph 1llustrating a relationship between a
percentage of capacitance decrease and the ratio of an area of
20 an upper electrode/a total bottom area of via holes in the case
where the via holes are formed with a magnetic field-excited
reactive ion etching apparatus while varying the aspect ratio
and using various masks; and |

Fig. 5 is a graph illustrating a relationship between

25 the percentage of capacitance decrease and the ratio of an area



5 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention relates
to a sem conductor device having at least a first insulating film ﬁ
wiring layer and a second insulating filmin this order, preferabl§ fsglr]r;%
on a sem conductor substrate, and a process of manufacturing the 10 sane.
As the sem conductor substrate used in the sem conductor device of the
present invention, applicable are various kinds of substrate including

el enent seni.conduct or substrates, su as of silican,. gernmanium and the
like, 15 cOMTOUNdPRER %@?358@8/%&5&?%‘?%@@&’??%9 o‘flacgﬁ?ggsllﬁGB}/lS and t he
i ke, SO substrates apd nultilayered SO substrates. Anong them the
silicon suS&SCaldisre pheiweabodes pie laanedowdtietam 1ngbaetisedy nay be
conmbined with sem conductor elenents such as transistors and capacitors,
circuits, wouplgd@laaym stcbéngorppaohatsomhikyvanyingdhaasipatdtng fil ms
formed independently or in conbination thereof as desired thereon. The
first insuraticarfd hsiggneaaidysimplskes an insul ating fil mcapabl e of

exhi biting various functions such as a gate oxide film a tunnel oxide

film apn | DESICREPTION GF THE PREFERREDEWMIBOYAMENTSt i ng filmand
the like. Material and 7 3 0O SEP 2004 thickness of the insulating filmare

e T SSepy SRS QPR Ko apT e to the
single-1 aygredcon AWtd it AU O S8 o M, (A W TRY Yayer and
a second insulating film in this order, preferably formed on a
semiconductor substrate, and a process of manufacturing the
10 same.

As the semiconductor substrate used in the
semiconductor device of the present invention, applicable are
various kinds of substrate including element semiconductor
substrates such as of silicon, germanium and the like,

15 compound semiconductor substrates such as of GaAs, InGaAs
and the like, SOI substrates and multilayered SOI substrates.
Among them, the silicon substrate is preferable. The
semiconductor substrate may be combined with semiconductor
elements such as transistors and capacitors, circuits, wiring

20 layers, device isolation regions and insulating films formed
independently or in combination thereof as desired thereon.

The first insulating film generally implies an
insulating film capable of exhibiting various functions such as

a gate oxide film, a tunnel oxide film, an interlayer insulating

25 film, a capacitive insulating film and the like. Material and



5 oxidized film LTOfilm HTOfilmand the like), a silicon nitride film
a SOG film a PSGfilm a BSGfilm a BPSG film PZT, PLZT, a
ferroelectric filmor anti- ferroelectric film The thickness may J§ufPaliidly
be sel ected depending on the functions of the film but may be about 700
to 1100 rim for exanple. 10 The first insulating filmmy be forned either
on an alnost entire surface or a partial surface of the sem conductor

substrate .| ong as irin ayer to be formed thereon can be in an

el ectri cal ﬁ?ﬂ ?%6’%%8%“& lsng’él%ﬁg. Bhedaramet paséiculany limjieediss

el ectrical Iy i solated by the first 15 insulating filmand the second

i nsul ati ng Pplgrr@ésth@htall’(@ng@lcraﬂyrappha:arbelg|11111tb'ehmn1t1band&1¢1mg‘| on where

the through holes are formed as mentioned later. The wiring layer is not

particul ar ldeicei t elonasxtamglas thiet idsufaimgdibh maopndugtive material . For
exanple, it may be 20 a single-layered or nulti-Ilayered of an anorphous,

nonocr yst alshngﬁeqay@elemcwsﬁallmI@yé\i-ed)@llpcéﬁp@x?d@@‘H% (tAEPhED Eﬂ“‘?t or

(e.qg., silicon, germanium and the ke), conmpound sem conduct or

(e.0., $arsxilnfed EN%h, 1955 4N, tlf;go h'lhue}m dPhe fice)cl &3 Giepifd ! num

silver, copper, alum nu act ory
:)1)][ 32: 32] V\/}ﬁ?ﬁE ugprcgc SI%PP%%%I%I un%nggbg{nfmt heﬁ#é&vgfl l Iﬁ?’&uch as I TG
Stk 500 popd L ke e sipckness S Lhe it o vy be ol ct
thickness may suitably be selected depending on the functions
of the film, but may be about 700 to 1100 nm, for example.
10 The first insulating film may be formed either on an almost
entire surface or a partial surface of the semiconductor
substrate as long as a wiring layer to be formed thereon can be
in an electrically floating state as mentioned later.
The wiring layer is electrically isolated by the first
15 insulating film and the second insula'ting film as mentioned
later at a region other than a region where the through holes
are formed as mentioned later.
The wiring layer is not particularly limited as long as
it 1s formed of a conductive material. For example, it may be
20  a single-layered or multi-layered of an amorphous,
monocrystalline or polycrystalline N- or P-type element
semiconductor (e.g., silicon, germanium and the like), or a
compound semiconductor {e.g., GaAs, InP, ZnSe, CsS and the
like); metals such as gold, platinum, silver, copper, aluminum

25 and the like; refractory metals such as titanium, tantalum,



5 600 rim The configuration of the wiring layer is not particularly
limted and nay be in the formof rectangle, stripes, islands, |ait|\t§pfpe]|]ﬁﬁd
the like. The wiring |layer may be an upper electrode of a capacitor, a
dummy el ectrode, a floating gate of a nonvolatile transistor and the |iKke.
10 The sem conductor device of the present invention may further conprise
a conductive layer such as an electrode, a wiring layer, the wiring |ayer

is electrically isolated fr t he . conductive | ayer. For exanple, the
conduct i ve(\fl%%?t%yﬂ%g the ﬁgﬁéra&wéﬁ 9% plody aEie svithl aarefoastgrwi th or
previously to the 15 wiring layer. Here, the |layer fornmed sinultaneously

with the vRetal ranespassnbeomndagtivedBhinvedchr am IT@, $0,| #re0 that the
wiring layer is originated from a |ayer nmade of the sane nmterial as the

wiring |ayemarthe likeer Toremelicknebe ofattee heMehg Ry dhgmay g | ayer. The
| ayer fornmed previously to the wiring 20 | ayer may be a | dyer formed in an

earlier stegplétdt dedeapdiig lcfrP'if@ 'I‘ﬁntd%?ol‘\% kb PQ aq}ﬂgpe?rﬁgaoﬁfiylﬂq fégrelmegf

under the first insulating |ayer or the ring lay wever,

DL o5, 1 BO0 af! S Fham BB OACELRL SURBY AR 5 Leop | opor tant

because it varies depending surface con e 25

sem conduct.Qr. H?ﬁt tie - udi an tnsulating filmand the,9 3 0 SEP 2006

i ke. At Ig%srﬁone erlierr?gl?géyae?a\?\ﬂiaé’h'bles”éﬁbgtﬂ?ré'ﬁl‘? rectagks as

nent i oned a?ove, if .t or re Wrj n}ﬁ Ia])é/ers are praqvided thereon, other
the 1

wiring | ay8FS PRy SR dat B SR PA Bndudee VBT RRelaY o medy be
st mul taneog%l levgérhei)gct@%%\éi gkjsél zaijgcitor, a dummy electrode, a
floating gate of a nonvolatile transistor and the like.
10 . The semiconductor device of the present invention
may further comprise a conductive layer such as an electrode,
a wiring layer, the wiring layer is electrically isolated from the
conductive layer. For example, the conductive layer may be a
layer which is formed simultaneously with or previously to the
15 wiring layer. Here, the layer formed simultaneously with the
wiring layer may be a layer derived 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
20 layer may be a layer formed in an earlier step than a step of
forming the wiring layer or a layer formed under the first
insulating layer or the wiring layer. However, level of both of
the layers from the semiconductor substrate is less important

because it varies depending on a surface configuration of the

25 semiconductor substrate including an insulating film and the



5 the wiring |ayer. The second insulating filmis in general an insulating
filmcapable of serving as an interlayer insulating film Material and

t hi ckness thereof are not particularly linmted as |ong as they aredl SEP 72004
generally applied to the sem conductor device. 10 For exanple, suitable
material and thickness may be selected fromthose listed for the first
insulating film Anong them it nay preferably be a silicon oxide film a

PSG film s@&‘%??g %tmﬁggf a BPSG.filmin a thi'_lc.kne s of out 700 to 1100

nm The P9 VP8 lpgefeuhonh wec G caldnrisodated face of
15 the sem conductor, s bstra{.e including the wiring layer but may be
formed on ARFEIEPAFdsaPPYEe I A¥IBF PEE WabisEl ay@ls aFergrevidad s provi ded
with one or nore through holes. It is required that at |east one through
hol e i s forthgdciomedtheeWirangvayee miayi bg tayeecasdnenth dhed 20 above.
Where a plurality of the through holes are provided, sonme or all of them
may have dicfofredantive ey endboomed sifiigunalcoarslybwith e prevRluslhr esgh hol es
provi ded above the sanme wiring |layer are preferably forned in the sane
size angl cbef kgdiraE laper!t is nore preferable that all the through holes
25 provided above the same wiring |layer are the sane in size and 10 3 0 SEP

2004 configurati on.THh&eiodRi qﬁg%ﬂg%bﬁ%hg%qw g?ngfrag]%g} thLeyg -n%ol es

are not particularly limted, tom area eac the through

SO:VESOYB%. Zﬂk%ac%i%ag%?%rﬁﬁgrlgé%]ré'igt%%la'\fze’r Hiduid@nd f1.% VW, 0.2 t0 0.5
Material and thickness thereof are not particularly limited as
long as they are generally applied to the semiconductor device.

10 For example, suitable material and thickness may be selected
from those listed for the first insulating film. Among them, it
may preferably be a silicon oxide film, a PSG {ilm, 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

15 the semiconductor substrate including the wiring 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

20 above. Where a plurality of the through holes are provided,
some or all of them may have different size and/or
configuration, but the plural through holes provided above the
same wiring layer are preferably formed in the same size and

configuration. It is more preferable that all the through holes

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

10



5 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 orjpbrpupgp
3.0 to 2.5. The nunber of the through holes nmay suitably be adjuste
depending on the size of the underlying wiring layer or the like, but for
exanple, it may be 10 about 1 to 10,000. The through holes are suitably
provided so that a ratio of a total of a bottomarea of the through hol es

Wi th respeebriffparhBidrsur fage 85ea th%ec%ﬁgg&elﬁé P TRR BT8R 0 00

300 to 10, 000. re preferably, the rat o5 2y D ; . t 0]90 ]
about 1:44Q 4 0 4 , e con | ra i,on of eac
of the thrglug hoﬁchgmt f)a?B?:'ﬂﬂa} ?%nétfec% Pglteagar tl@ﬁ‘? (ﬂTF@I er’?cd?ar?ér al

b t.h t th ol A suitable
conbi nat + o BrtiGRER bR TEGY R Gk 15 A kashoft T oOofit £b OhE ough

holes, as well as the ratio of the total bottomarea of the through 20

hol es wi t ht® dbfeck M6, Ohe WuPracd Breard. 3 ke G4 i AgnPayeruatkersehect ed
within the above-described range and further conbined with a proper

et chi n® ne@Rpgcindter aft eachee! thadihricangh dioketsensey ond thbdwlled isegy dd | m
Accordingly, deposition and accunul ation of reaction products generated 25

during theabouta#i@nle$st hbonttr suglohdses abeuefd ectbVely, 4bot03SEP 2004
prevented, and thus conductive nmaterials are connected through the through

hol es whi | €0 [Ir.ventd lhguars.oncs ease e Mafrh Bk BY Phe GHYAGEh ESIex ance. Al
the first onset of the process of manufacturing the |
may suitably be adjusted depending on the size of the
underlying wiring layer or the like, but for example, it may be
10 about 1 to 10,000. The through holes are suitably provided
so that a ratio of a total of a bottom area of the through holes
with respect to a top surface area of the wiring layer becomes
about 1: 300 to 10,000. More preferably, the ratio may be
about 1:400 to 10,000, about 1:440 to 4,000, or about 1:440 to
15 1,500. The configuration of each of the through holes is in
the form of circle or semicircle in general, but may be in the
form of rectangle or other polygons. 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
20 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

25 during the formation of the through holes are effectively

11



5 sem conductor device of the present invention, the first insulating film
i's formed on the semiconductor substrate. he formation of the f'rSQUSEF2W4
insulating filmmy vary depending on the material used, but may

carried out by a thernmal oxidation, a CVD nethod, a sputtering, a vapor
deposition or 10 the like. The first insulating filmmy be formed on an
entire surface or a partial surface of the sem conductor substrate. On

the first igreweattierly énamﬁggr@&naﬁ&m@ﬁgiégagé a%ﬁ'ofEBEHqu W ring layer.

For exanple, the wiring |ayer be provid rmng a Eonductive film

on the ent ifgobiyH 35 %roaghtnslé ohilensplat pgl&aﬁawg?g?%%rh thod, a

sputtering, por p03|t on or

conductive afr {pohné?eﬁaocrg{ea%rle_% n&%uratlon by a known nethod such as

phot ol |thogr aphy “an I'ng eferable to pattern the conductive

filmso that the wiri rovided in a.region 20 where the first
insulating fil m onf\f &gefh@ﬁ)Vﬁﬁgot%% RIOCEfifep b mBaRHECtHolRE three not

formed, in order to obtain an electrically floating state of the wiring
| ayer. TrheftMicondusher idpUcatohgheiprasent onvedtiom t tee fidst ng | ayer in
the sanme manner for formng the first 25 insulating film 12 30 SEP 2004
Next, one brswubainghfidoyhsHolresedren fthremedmniiconitbucsaceuddtiaytating film
onto the wiring layer. The formation of the through holes is carried out

3y a known et fmdnatcdnas! thedicdd ihography Ang eighivitry ERpeeishigy may be
Y on the material used, but may be carried out by a thermal
oxidation, a CVD method, a sputtering, a vapor deposition or
10 the like. The first insulating film may be formed on an entire
surface or a partial surface of the semiconductor substrate.
On the first insulating film formed is an electrically
floating wiring layer. For example, the wiring layer may be
provided by forming a conductive film on the entire surface of
15 the first insulating film by a CVD method, a sputtering, a
vapor deposition or the like and then patterning the conductive
film into a desired configuration by a known method such as
photolithography and etching. It is preferable to pattern the
conductive film so that the wiring layer is provided in a region
20 where the first insulating film only is underlying, that is,
where contact holes are not formed, in order to obtain an
electrically floating state of the wiring layer.
Then, the second insulating film is formed on the

wiring layer in the same manner for forming the first

25 insulating film.

12



5 etching such as a sputtering, a reactive ion etching, a plasma etch

and the |like, or wet etching using acid or alkali, but the dry etchlndﬂﬂﬁp 2004
preferable. In particular, the through holes are fornmed in the second
insulating filmby dry etching so that an etching rate between the second
insulating filmand the 10 underlying wiring layer, i.e., the etching rate

of the second insulating filmthe mﬁring | ayer becones greater than 1,

more preferably gneat€rohRagy #odd (#rotlih ﬂHI%s%Pé"f@? S Car{\fbed out,

for exanple, by a plasm etching an ctiveion

speci f 1 cal keoPlP3HR SLef M 13 &%{ché i ;2%%0? GounLed

pl asma et ching appar at us

et chant s. C chi. n erforrred by a magnetic field-excited
reactive i gﬁ%eﬁl@g Hn}aﬁi)%sr‘ é? rd?? |%1T‘1§’YCQF181’10@®1 aethod aueht ke i ke
gases as e hant The throu h holes need to be forned so that the 20
ratio of aPCGARARSSRAY andHeicking o Theoptehingmagrbe dfythe wiring
| ayer is about 1/300 to 10,000. The bottom area and the aspect ratio of
the thribughtlaineg siehms spapuittetiarg,ya rleiariti el i bt e tdtoisaz, W tihlias rhe
above-nentioned range are suitable. 25 Further, according to the present

i nvent i on, etontragtand the) liBEeR Qﬁ%mét@slﬁ?m:ﬁ@g“ aef@hr BIkAE, thys formed
t hr ough hol es of the second insulati ng filmby a known nethod, and then an

upper wirthg dayetchinpels prefdratse. ang tﬂéﬁ-tﬁéﬁ?&x’%@?hfrgw H¥lelshe
contact plugs and the second insulating film A nmultilayere
are formed in the second insulating film by dry etching so that
- an etching rate between the second insulating film and the
10 underlying wiring layer, i.e., the etching rate of the second
insulating film/the wiring layer becomes greater than 1, more
preferably greater than 5, 10 or 20. This etching is carried
out, for example, by a plasma etching and a reactive ion
etching. More specifically, plasma etching is performed by an
15 inductively coupled plasma e‘tching apparatus utilizing CzFe,
CaFsg, Ar and the like gases as etchants. Reactive ion etching
is performed by a magnetic field-excited reactive jon etching
apparatus utilizing C4Fg, CO, Ar, Oz and the like gases as
ctchants. The through holes need to be formed so that the
20 ratio of a total bottom area thereof to a top surface area of the
wiring layer is about 1/300 to 10,000. The bottom area and
the aspect ratio of the through holes are not particularly
limited but those within the above-mentioned range are

suitable.

25 Further, according to the present invention, contact
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5 wring structure is realized by repeating a series of these steps.
Hereinafter, an exanple of the sem conductor device and the procesqig%Epzmu
manuf acturi ng the sane according to the present invention will be )
described with reference to the drawings. 10 Experinental Exanple 1
Capacitors together with via holes were fornmed in order to determ ne the
conditions of dry etching to be perforned in the process of manufacturing

the seni copdugisomayeye cf@rﬁperd)riﬁiﬂgf;ttwé_wo%%%ﬁﬂhrohg\rﬁmgg-oflgnés shown
in Fig. 2(a), a high concentration inmpurity region 22 was fornmed as a

Ol - o PSECRR1 O SUIGLARP A Oy WY lrldn! ARIAIAL LAY Rl Sh!LERL:

substrate 20 provided with device 1solation regiadns

concentr at i,on:J ity ' S| | nto about 2 msmaller in

| engt hwi Se@ﬁéﬁ%‘é&%ﬁ%ﬁ%&ﬁ&lg?&%@?Oanﬂsét aenplﬁﬁ?en%%itebeo?o’gweﬁgﬁé’r the

el ectrode qof _.the capacito escribed in Tabl.e 1. On the silicon substrate
20 a sili CSH%CSep?HPﬁnaﬁé éﬂjc? SECENG pesuiatinigblm. momulilageredssi vel y
formed as an .insulating filmof the capacitor and a |layered film25 of TiN
25 (1000 AWITINgSYTrRAGINreas sefbgedabpoenoating 20wy s Tl (130se Ateps.3 0 SE
P 2004 was forned as an upper electrode of the capacitor. The |ayered film
25 and the siliconHenaingdter, ancexamrmepaf tbensemiovnldirdtogy Gedidd er ent
masks to have the sizes described in Table 1. Thus, capacitors each having
a floatingaoghéheepretessl@iomanufacturing the same according to the

present invention will be described with reference to the
drawings.

10 Experimental Example 1

Capacitors together with via holes were formed in
order to determine the conditions of dry etching to be
performed in the process of manufacturing the semiconductor
device according to the present invention.

15 As shown in Fig. 2(a), a high concentration impurity
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 concentration impurity region
22 was sized into about 20 4 m smaller in lengthwise and

20 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 capacitor and a layered film 25 of TiN

25 (1000 A)/Ti (50 A)/Al-Cu alloy (4000 A)/TiN (200 A)/Ti (300 A)

14



5 different size were forned. Capacitance of each of the thus obtained
capacitors was neasured as an initial capacitance by GV neasureng%t

nmet hod. The results are shown in Table 1. Then, on each of the obtdi'n&d 2004
capacitors an interlayer 10 insulating film 26 nmade of a silicon oxide
filmof about 1. 1 uin thick was forned. In the interlayer insulating
film26, substantially cylindrical via holes 27 reaching the surface of

i ameter of b 38 e A A Bt o e Bl OBy e B e Wior Aty and ot chi ng
L1100, SO PENSHIEDY Euplied Bl agun, oLl g RS, o 8 et ¢
oo under SRHAZEihd O REED Danico tpavere Ha0eians Besstiposar TEE00 W
etching pressure: 5 mlforr, flow rates of C2F6 gas: 10 sccm CAF8 gas: 6
sccm and Ad.ga$hwog eapacitiits eaahnbavingi=l{tbatinigt agpreracldoteodenot chi ng
apparatus was used wunder the conditions of source power: 1500 W etching
25 pressurdiffabentaize Weow foahesd of CAF8 gas: 12 sccm CO gas: 15 3 0 SEP
2004 50 sccm Ar gas: 2000 sccmand 02 gas: 5 sccm Table 1 Size of upper
Initial capacitancgapacitance 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
10 insulating film 26 made of a silicon oxide film of about 1.1 4 m
thick was formed.
In the interlayer insulating film 26, substantially
cylindrical via holes 27 reaching the surface of the upper
electrode are formed in the predetermined number to have a
15 diameter of 0.36 4 m at the boftom thereof by photolithography
and etching utilizing an inductively coupled plasma etching
apparatus or a magnetic field-excited reactive ion etching
apparatus and the masks of 6 kinds shown in Table 1.
The inductively coupled plasma etching apparatus was
20 used under the conditions of source power: 1900 W, bias
power: 1400 W, etching pressure: 5 mTorr, flow rates of C2Fe¢
gas: 10 sccm, C4Fs gas: 6 sccm and Ar gas: 95 sccm.  The
magnetic field-excited reactive ion etching apparatus was used

under the conditions of source power: 1500 W, etching

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

15



Nunmber of Mask No. el ectrode of capacitor via holes (un)(pF) 1220 X
2201671062 2320 X 3203461274 3420X4205701274 4820 X 82016001698 516203%5EP2W£
162030002546 63220 X 322050004242 The etching rate between the silicon

oxide filmserves 5 as the interlayer insulating filmand an underlying

Ti N | ayer was neasured at the dry etching to formthe via holes. Further,
the ratio of a total bottomarea of the via holes / an area of the upper

el ectrode ul f.r@qzo 1 abl e 2 Fromthe results, a
rel ati onsh:l?bsceciav\rgeﬁ %‘eését chi gggécgmr %g‘l g‘)f g § IS|%86‘?1 oxi de interlayer
insulatingf#ilydyhe wunderlying TiN layer and the ratio of the area of the
t ot al bottom area of the via holes / the upper electrode was evaluated

with respedfask Noe olgiaknefluganac tq’h%tlapl"a §§HE1E1 re N’Hgﬁf“b' g 3.
15 Tabl e 2 MaskArea |of upp, @{r%cqtet omjar ea ttgm a&ga holes
No. el ectr odevi a hol gsof Vl es/ upper u- % f2el eqtro

1 220><220 167 1062

2 320X 320 346 1274

3 420X420 570 1274

4 820X 820 1600 1698

S 1620 X1620 3000 2546

6 3220 X3220 5000 42472

The etching rate between the silicon oxide film serves
5 as the interlayer insulating film and an underlying TiN layer
was measured at the dry etching to form the via holes.
Further, the ratio of a total bottom area of the via holes / an
area of the upper electrode was calculated from Table 1 (see
Table 2). From the.results, a relationship between the etching
10 rate of the silicon oxide interlayer insulating film/the
underlying TiN layer and the ratio of the area of the total
bottom area 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
Mask | Area of upper Bottom area of | Area of bottom area
No. electrode via holes of via holes/ upper
(4 m2) (¢ m2) electrode
1 48400 108 448
2 102400 118 867
3 176400 129 1367
4 672400 172 3909
5 2624400 258 10172

16



148400108448 2102400118867 31764001291367 46724001723909 5262440025810172
16 3 0 SEP 2004 6 10368400 431 24056 Fig. 3 shows that in both of the cases
where the inductively coupled plasma etching apparatus and the J08Bheffc
field-excited reactive ion etching apparatus were used 5 to formthe via
hol es, the etching rate of the interlayer insulating filmto the
underlying—TiN layer_ increased as the area of the | ower el ectrode becane

| arger, i.e. 6 asl| t hel8B3€8406cupiled by thB1vi a holles per gridsa@rea of ]t he
upper electrode becane smaller. In the case of The magnetic frefd-excited
10 reactive ion etching apparatus (as indicated by 0 in Fig. 3), the
etching rate of about 42 to 80 with respect to the wunderlying TiN |ayer
was obtained in thdl8aphsiaws thatt by dexth wi tthet haspaskheet e 1 to 4. In
the case of the inductively coupled plasma etching apparatus (as indicated
by ~ in Fi gndietdyelit hougtleti pipsmtzecofhabguip pardcuSGitdhe espect to the
underlying Ti N |l ayer was obtained in the capacitors patterned wth the
masks of NenagneeicH{idld-eheitedacattive R eRERSHgMpParatus were used

5 to form the via holes, the etching rate of the intsflayer
insulating film to the underlying TiN 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

10 reactive ion etching apparatus (as indicated by @ in Fig. 3},
underlying TiN layer was obtained in the capacitors patterned
with the masks of No. 1 to 4. In the case of the inductively
coupled plasma etching apparatus (as indicated by O in Fig.

15 3}, the etching rate of about 27 to 80 with respect to the
underlying TiN layer was obtained in the capacitors patterned
with the masks of No. 1 to 4. In the capacitors patterned 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

20 cases, but polymers were generated in the via holes during the
etching step and reaction products were deposited on the TiN
layer.

Therefore, it is found that the capacitors obtained

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

17



the masks of No. 5 and 6, the etching rate of 80 or nore with respect to
the underlying TiN |l ayer was obtained in both of the 20 cases, but []gé)gpyrrers

were generated in the via holes during the etching step and r eact) 2004
products were deposited on the TiN |ayer. Therefore, it is found that the
capacitors obtained wth the masks of No. 1 to 4 were favorable in etching
rate of 17 3 0 SEP 2004 the interlayer insulating filmto the underlying

Ti N | ayer a{ d .the masks. of No. 5 and 6 were inappljcable to the process of
t he inventiglﬁ? interlagsrgarsiifaténgdaiml © thervoderdping Midr baped arid 5

hol es were forned in the same manner as the above-descri bed Experinental
Exanpl e exd&st masksttfeNopperand éewoteinap ploridet tol the phecsikison
substrate and thus was not in a floating state. A relationship between the
et chi ng ratteeantvethtiwrr.ati o of the total bottom area of the via holes /
area of the 10 upper el ectrode was observed. As a result, the etching rate

was constant at ab@d a22crRpAZadfves BMinigle Fvdridu st 9L bi @l s LG §ases

where the magnetic field-excited reactive 1on etching = apparatus was used

(Ain Fg. h@legn\g&@efoir Hﬂtiinv?hgltg%l?ﬁ%{ ﬁ-ganﬂle?sé'@tﬁtecgggge‘gﬁgsgﬁ d.g” in

Fig. 3), regardless of the area upper el ectr %t t om

357,20 DB RAAIRLRRa) ESUHSTE! o BRI Pt e St e 1 L
217 had beegofn%re%et% ?g &aet tS? icr:lgg isﬂbgtxga'geeginrdectihus was not in a
floating state. A relationship betwe.en the etching rate and
the ratio of the total bottom area of the via holes / area of the
10 upper electrode was observed. As a result, the etching rate
was constant at about 22 to 25 as shown in Fig. 3 in both of
the cases where the magnetic field;cxcited reactive ion etching
apparatus was used (A in Fig. 3} and the inductively coupled
plasma etching was used (B in Fig. 3), regardless of the area
15 of the upper electrode and the bottom area of the via holes.
Thereafter, as shown in Fig. 2(b), an aluminum film 28
was formed on the interlayer insulating film 26 in which the
via holes 27 had been formed and patterned into a desired

configuration to form contact plugs and a wiring layer.

20 Experimental Example 2

Capacitors, via holes, contact plugs and a wiring layer
were formed with the same masks and in the same manner as
in Experimental Example 1 except that the via holes were
formed to have a diameter of 0.32 4 m (aspect ratio: about 3.4),

256 0.36um (about 3.0) and 0.40« m (about 2.7).
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configuration to formcontact plugs and a wiring |ayer. 20 Experi nental
Exanpl e 2 Capacitors, via holes, contact plugs and a wring | ayer were
formed with the same nasks and in the same nanner as in Experi megtﬂ% 0
Exanpl e 1 except that the via holes were formed to have a dianeter (E\P 28 32
tt m (aspect ratio: about 3.4), 25 0.36 u m (about 3.0) and 0.40 a m (about
2.7). 18 3 0 SEP 2004 Capaci tance of each of the obtained capacitors was

reasured n the sare,BRREIngS B U @teataﬁg%%spaqff}gse[a%gf

e contact plugs Then a
decrease pr, mthe 5 nIII aci tan of e ch, of the
capaci torsr{rqrggsurrgg Eltlmtrh:egvancg BEFOIE f"ﬁ 11} "E l%eﬁgaf%é‘ ﬁol es was
cal cul at ed. reas roportion fromthe initial ca amtancetothe
capaci tancé‘fﬁ%]éz Feﬁord?‘ %(?‘Ptfgfo?}b‘? ﬁ’df’ll]%ﬁ{n » e cpird aedl pRagaandvdicuat ed in
percentage. Figs., 4 and 5 show the results. Fig. 10 4 shows that the

per cent age"ﬁﬂ'mgeladfé‘é‘r ead@emat Hectesse wraportioe therdwl fromettee f or med by
the magnetic field-excited reactive ion etching apparatus and Fig. 5 shows
the san® i mnitiel cageaciherce oheadn ofidhes cupaeifargretde Hyurba imducti vel y
coupl ed plasma etching apparatus. Fig. 4 indicates that no capacitance

decrease waslvabsenddrahgre tfbemataohoéﬁ@hlaaﬁhnﬁow@@é@%‘éldﬁhk@dof 2.7 1o
3.4 were forned in the capacitors formed with the masks ) 0 4 by the

magneti ¢ f iglddexsiehad pEEpbr¥idr Profl EHENRAitial capacitance to the

formati on of the via oI es,

capacitance measured after the formation of the via holes was
‘evaluated in percentage. Figs. 4 and 5 show the results. Fig.
.10 4 shows that the percentage of the decrease in the case where
the via holes were formed by the magnetic field-excited reactive
”i'on etching apparatus and Fig. 5 shows the same in the case
.. w_here the fzia holes were formed bj the inductively coupled
_ pl_qsma etching apparatus. |
15 ) s Fig. 4 indicates that no capacitance decfease was
| ‘observed when the via holes having the aspecf ratio of 2.7 to
- 3.4 were formed in the capacitors formed with the masks No. 1
‘to 4 by the magnetic field-excited reactive ion etching
apparatus. That is, the via holes were provided without
20 deposifion and accumulation of the reaction préducts due to
the etching:
Further, Fig. § indicatesthat when the via holes
having any of the above-mentioned aspect ratio were formed by
the inductively coupled plasma etching apparatus in the

25 capacitor formed with the mask No. 1, no capacitance decrease
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apparatus. That is, the via holes were provided w thout 20 deposition and
accunul ati on of the reaction products due to the etching. ~ Furthgrgﬁfiﬁ
5 indicates that when the via holes having any of the above-nenti & P 2004
aspect ratio were forned by the inductively coupled plasma etching
apparatus in the 25 capacitor formed with the mask No. 1, no capacitance
decrease 19 3 0 SEP 2004 was observed, i.e., the via holes were forned

w thout th e Lt and cunmul ati,on of t reaction products. Were

t he aspect evrvglgi ((B))B\%g%bga’ila%d% ‘Y14 &l\éﬂ&éc\”@ég osMme@evitdigiatithgnce was not
observed in,the capacitaors forrregfl wth the 5 nmasks No. 1 to 5. It was al so
f ound t hat 4%%&18%?8 agFurplaugpaef thsceedetpenpeotdentses Wieater as
the aspect ratio is increased (an opening area of the via holes is

decr eased) .thes gsnasd Faidol ves 2t7 isngds§, e decrensiedef the fol | ows. 10
During the dry etching step, an anount of charges per wunit area of the via
hol es i ncr espacHprslewtaonethabsagved fiacthe AgsaridbRg! brnsdAngifY tRecuUr s
within the underlying Ti N |layer when etching is perfornmed to expose the
Ti N | ayér. mheks Ne. tharf§es are accunulated in the Ti N surface, reaction
products 15 generated during the etching are adsorbed onto the Ti N surface

by static electri cilgnggdaltst@,ef%@ﬁgg{ﬁﬂ%?ggdﬂ%éeﬁg%%%%uqﬁgjfted and

accunul ated at the bottomof the via %d reaction

products i %ta‘ifé’&@gnlﬁ%t UEEPeL D€ dWhes greater as the aspect ratio is

increased (an opening area of the via holes is decreased).
From the results, it is possible to consider as follows.
10 During the dry etching step, an amount of charges per
~unit area of the via holes increases by electron shading effect.

. Accordingly, charging occurs within the underlying TiN layer
when etching is performed to expose thlé T_iN .layer.. Then the
_-qharges are accumulated in the TiN sﬁrface, reaction products

15 genelfated during the etching are adsorbed onto the TiN surface
by static é'lectricity and the reaction products are deposited
and accumulated at the bottom of the via holes. The
accumulated reaction products intervene between the lower
electrode of the capacitor and the contact plugs, which serve

20 as an undesirable series another capacitor. As a result, the
capacitance between the lower electrode and the wiring layer
decreases. Therefore, contact resistance may increase or
circuits may be opened between the upper electrode and the
contact plugs or the wiring layer. In particular, the

25 capacitance remarkably decreases in a capacitor in which the

20



el ectrode of the capacitor and the contact plugs, which serve 20 as an
undesi rabl e series another capacitor. As a result, the capacitaggﬁiggimeen
the |l ower electrode and the wiring | ayer decreases. Therefore,

resi stance may increase or circuits may be opened between the upper

el ectrode and the contact plugs or the wiring layer. In particular, the 25
capaci tance remarkably decreases in a capacitor in which the 20 10 SEP 2004

Sl as R e PR el G I S ot DB Re "above, 11

smal |, as the capacito or med Dy "usihg

is favorab formthe via holes i 5.the interlayer insulating film of
t he capaci h;%rlgﬁal\ﬁ ﬁg%ﬂya&%ﬁéﬁaﬁ@parf@g%%a@m@ewg Iﬁh?h@&ﬁdéll‘gONo. 1to
4 by utili éi ng the magnetic field-excited reactive ion etching apparatus or
the inductively coupled plasma etching apparatus to have the aspect ratio
of 2.7 to 3.0, since the decrease of the capacitance 10 will not occur or

is small. Fig. 4 sHewsntthe abeve,adtiic fvatebler ea fofnt hheupizeholes in
el ectrode/the total bottomarea of the via holes in the capacitors forned

with tHe ntsksinterldy¢o insida8idfy fiind@Y5the icapacithe Habird o+ e &t al
bottom area of the via holes/the area 15 of the upper electrode is 0.0028

to 0.00033stBycluifés ioMraifed #igasHY mAeKUPRE’ ©kgct W%tﬁ@g{e%%‘éi a hol es

to have such. a ratio, dry etching can be perfornmed w’t hout osition of

the react frpilgﬂéﬁ@uﬁteil"daéxéﬂgdbpéérgmfgfiotr{]%tghﬁlgoigsaratus or the

i‘ﬁductivel'y coupled plasma etching'apparatus to have the
aspect ratio of 2.7 to 3.0, since the decrease of the capacitance
10 will nét 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
cabacitors formed with the masks No. 1 to 4 is 345 to 3015,
1.e., the ratib of the total bottom area of the via holes/the area
15 of the upper electrode is 0.0028 to 0.00033. By limiting the
areas of the upper electrode and the via holes to have such a
ratio,_dfy etching can be performed without deposition of the
reaction products at the bottom of the via holes.
| Where the via holes having the aspect ratio is 3.0 are
20 formed in the capacitors 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 the‘total
bottom area of the via holes/the area of the upper electrode is
0.0022 to 0.00025. By limiting the areas of the upper

25 electrode and the via holes to have such a ratio, dry etching
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Where the via holes having the aspect ratiois 3.0 are 20 forned in the
capacitors forned with the masks of No. 1 to 4, the ratio of the area of
the upper el ectrode/the total bottom area of the via holes is 434{}355@;@909,

i.e., the ratio of the total bottomarea of the via holes/the area of the
upper electrode is 0.0022 to 0.00025. By limting the areas of the upper
25 el ectrode and the via holes to have such a ratio, dry etching 21 3 0 SEP

2004 can b R Or |t . sihtion.of th eaction products , at the
bot t om of ag\ﬁegph%%?%ﬁnﬁr%litﬂg’ﬁqeb?ppﬁétlfw&?&éeo¥e ‘Hﬁ%a&rﬂ Yt St he
sem conduct qr . devi ce according .to, the present invention will 5 be

descri bed. %&st%ﬁo‘%ﬁtti‘)ﬁnp‘?gghig" Q?Wansi stor conprising a gate electrode
2 and source/drain regions 3 is fornmed by a known nethod on a

seni conduct or substiiafeimaliesythedripesssiefimanufeitatiing theéns 5. Then a
first interlayer insulating film4 is 10 forned on the transistor. Then,
contact holsssnwenflorated devideeattosdingttectlay gredenstulraténgiofr will t o
reach the source/drain regions 3 and a first wiring film®6 of tungsten is
formed shengodelyrspeditering or the like as shown in Fig. 1(b). 15 As
shown in Fig. 1(c), the first wiring film6 is etched back for

s oxposed (o formtoatan ipheaty dafnac s e ARSI TR P coi ons

3. On the fhLst Jd¥ & la?yoersource/drain regions 3 is formed by a known
method on a semiconductor substrate 1 provided with device
isolation films 5. Then a first interlayer insulating film 4 is

10 formed on the transistor.

Then, contact holes are formed in the first interlayer
insulating {film 4 to reach the source/drain regions 3 and a
first wiring film 6 of tungsten is formed thereon by sputtering
or the like as shown in Fig. 1(b).

15 As shown in Fig. 1(c}, the first 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 film 4 in which the contact plugs 7 have been buried

20 a second wiring film 8 of aluminum is formed by sputtering or
the like and patterned into a desired configuration by
photolithography 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 g m thick is

25 formed thereon as a second interlayer insulating film 9.
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insulating film4 in which the contact plugs 7 have been buried 20 a second
wring film8 of alumnumis formed by sputtering or the like and
patterned into a desired configuration by photolithography and etidhbffgZ004
Anmong the patterned second wring filnms 8, electrically floating ones are
sized into 220 a m X 220 u m Then a silicon oxide filmof about 1.1 u m
thick is 25 fornmed thereon as a second interlayer insulating film9. 22 30

SEP 2004 Then, as siw#f, iy Eh@wr (g Fi?i gzé)%% r{%ﬂsgg‘c)ré:{ehtjte}nf or ¢4 0rmng

t hrough hol es 10 reachi ng desired posi condwiring film8 is
formed. W ' t Qrn 1 as,.a mask, 1062 t.hrough | es 10 each
havi ng a ditfgrrr%r{lglré gﬁ%éhgg%&oq&s?,%o 1rer'ﬁ‘cé}lélg‘n§|¢r%ﬁc‘?rp‘%ﬂél%g&f&ﬁ?ﬁt erl ayer
insulating film®9.. The L. roggh Fol es are formed by utilizing an

i nduct i vel Y& é’ﬂ‘rbpgsé’rgme HefOTRES: « REtdoHar tiesnst Grattsshr £ a®wer
1900 W bias power: 1400 W etching pressure: 5 niorr and flow rates of
C2F6 gas: Pomseek, 1048 taeushdrelns 10 aadhAhaying DeliswmeterThéreafter, as
shown in Fig. 1(e), a tungsten filmis forned by sputtering or the like
and et ched akemkt & 3éesem bert fshmpel abote secbordnxoatlagte rpirigslat2zneOn t he
second interlayer insulating film9 in which the contact plugs 12 ﬁave 15
been buri edilam &l urhneithirolugh hidlesneee By smd 8 urdiging ey |i ke and
patterned into a desired configuration to forma third wring layer 13. In
the thus obhainaived! Eblipleteg1 e miagtShEHAINALr the conditions of

source power: 1900 W, bias power: 1400 W, etching pressure:
S5 mTorr and flow rates of C2F¢ gas: 10 sccm, CsFg gas: 6 scem
10 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

15 Dbeen buried an aluminum film is formed by sputtering or the
like and patterned into a desired configuration to form a third
wiring layer 13.

In the thus obtained multilayered wiring structure,

reaction products are not deposited or accumulated in the
20 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

25 total bottom area of the through holes formed to reach the
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reaction products are not deposited or accunulated in the 20 through hol es
and contact resistance between the wirings is not raised. Thus, a‘{ vor abl e

Wiring structure can be obtained. According to the present invent: otP ¢k
ratio of the 25 total bottomarea of the through holes forned to reach the
23 3 0 SEP 2004 wiring layer and the top surface area of the wiring |ayer

Is adjusted to 1:300 to 10,000. Therefore, deposition and accunul ation of

b Lo : f ' t h hol
oot vely I HEorraey Al e B TR e e M I € Vedret et hr ough

effectively in ited, sot uct1ve erial’s
t he throug Ll e vent | ncrease .and variati.on in contact
r esi stance%@ﬁg%gr,\ﬁ)cﬁﬁa(?@et\ﬁnzpéaggch @%etrﬁéog% éGBHSHHPéJsaF’éjforrred to
have the aspect ra]gto of 4 gr | ess .and/ or the bottom area of 0, 1 to 1.0
it 2, the JHPENERGAE AhPsIeAF e REOdycts i dEing shiestarmatiare ofasi | y.
prevented. Sti Ig ac%g/gi ng to the present invention, a semn conductor
devi ce capd%et8fop LE B PR 8 est realyeindnibitedy isat that afortdecebm act
resistance is easily manufactured by forming a first insulating filmon a
semi conductiBAtstisdsrare contte ¢ mdithgoaglekbetrhiahgly Hbhas wtgilei ri ng | ayer
on the first insulating filmso that it is not connected to a conductive
| ayer f or e vsinhihgaimemes se winich variprievi dwsdon taa tt Aesigkaheg | ayer;
form ng a second insulating filmon the wiring layer; and formng one or
nmore through hol es Innpth€icsge@ndvihBseletd NS the through holes is
formed to have the aspect ratio of 4 or less and/or the bottom
area of 0.1 to 1.0 # m?2, the increase and variation of the
10 contact resistance are easily prevented.
Still according to the present 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;
15 forming an electrically floating wiring layer on the first
insulating film so that it is not connected to a conductive layer
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 insulating
20 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 1s 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

25 layer to the second insulating film greater than 1, in particular
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20 filmonto 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 wring |ayer is

1: 300 to 10,000. Where the through holes are fornmed in the second’ SEP2W4
insulating filmby dry etching at the etching rate of the wiring 25 |ayer
to the second insulating filmgreater than 1, in particular 24 30 SEP 2004
where the dry etching is carried by an inductively coupl ed plasna et chi ng

net hod uti lv/Biere 1E2F@ ryCétdh atdl 1&cHased GARRIM Sy

field-excited reacti veyf:%n etching net ho%suatll?llﬁm ng C%—y8%0%91%§ and 02
gases as etghanhs, e@h fL Gl agcurulat t he underly| ng
Wiring Iayeﬁ s cont rﬁ}??@é’gﬁogh%ﬁe%ﬁ%ﬁg FS ?(‘;F?l (f%ﬁled ?‘r{rgﬁéﬁ Hof es so
that the S] adaccu the reaction prodycts in the
t hr ough ho%g[g%arré Se§5| 85&6%? %F{tﬁéfreﬁﬁ VELRN GHLCIHRE cont act
resi stance at r,ou prevented to 10 i nprove device
properti es.m?ﬁﬁgg Hﬂ@%gjbfsi’étée AE@RE SPad@ses aevelchanbssanel y be
obt ai ned. 25 30 SEP 2004 What is claimed is: 1. A sem conductor device
conpri s?ngamotinseficimangas agorimmlasediin tlyelapderiyicmwisacgrdyer
insulating filmformed in this order on a sem conductor substrate, the

second i nsubatamty dli¢dnatbthag tehinigded foitrh theetlorougheh by © eght gt es
for med

the deposition and accumulation of the reaction products in
the through holes are easily controlled. Further, increase of
the contact resistance at the through holes is prevented to

10 improve device properties. Thus, a highly reliable

semiconductor device can surely be obtained.
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onto the wiring layer, wherein the wiring layer is electrically isolated
by the first insulating filmand the second insulating filmat a repgem0
ot her than a region where the through holes are forned, and a ratio
between a total of a bottom area of the through hol es forned over the
wiring layer and a top surface area of the wring layer is from1:300 to
1: 10,000 (or from0.00333 to 0.0001). 2. A sem conductor device according
to claim1, wherein an aspect ratio of the through hole is 4 or less. 3.
A semi condudt6it deti T rfing to claim1, wherein the bottom area of
each of the through holes is 0.1 to 1.0 n2 . 4. A sem conductor device
according to claiml1l, wherein the wiring layer is an upper electrode of a
capaci tor, d-dunﬁw sHreictqrotlectorr aldtiost icgngatseingf: a  nonvol atil e

transistor. 5. nduct or_devi ce according to claim1, wherein a
cont act pl ug i s faorﬁerd% ngL gﬁlﬂ%l & SHTiHE B Fihstl at i ng film
S0 as to comRWnd higsM Irdthich 26 310 REMD0h |3yied .ok &y upper wiring
| ayer or an upper electrode is forned on the contact plug and the second

i nsul ating senimawlugan wohmtfeatehehomemandglingulating 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 insulating
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 over the wiring layer and a top
surface area of the wiring layer is from 1:300 to

1:10,000 (or from 0.00333 to 0.0001:.

2. A semiconductor device according to claim 1,
wherein an aspect ratio of the through hole is 4 or

less.

3. A semiconductor device according to claim 1,
wherein the bottom area of each of the through holes is

0.1 to 1.0 pm?.

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 insulating film so as to connect the wiring
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6. A sem conductor device according to claim1, further conprising a
conductive |layer forned sinultaneously with the wiring |ayer, ?@%t
wiring layer is electrically isolated fromthe conductive |ayer.

sem conduct or device according to claim1, further conprising a conductlve
| ayer fornmed previously to the wiring |ayer, wherein the wiring layer is
electrically isolated fromthe conductive |ayer. 8. The sem conductor
device of claim 1, mhereln the ratio between the total of the bottom area
of the throwHto a‘%‘ﬂi‘ﬂH’%elfdbl%{ﬁgaJe%Y%?éaroﬁnthWJt@Cttfa@r@r is from

about 1:400 it )
sem conductorsodée?/%lgee g(?n al m%%%g%lué) %% gt%)%r%rh’?ua at n‘i 440 to

1: 4,000 (or firlomsboas tdléﬁﬁﬁﬁbﬁctﬁb(ﬁﬁﬁﬁﬁctJﬁnujhe sen1conductor devi ce
of claim9, wherein the ratio is fromabout 1:400 to 1:1,500 (or from
about 0.00227 to 0.000667). 27 3 0 SEP 2004 11. A process of manufacturing

a seni conducg or deyi £ LRI SE NI de F AN NG A didsted sy gling filmon a
sem conduct or substrate;

further comprising a conductive layer formed
simultanecusly with the wiring layer, wherein the
wiring layer is electrically isclated from the

conductive layer.

7. A semiconductor device according to claim 1,
further comprising a conductive layer formed previously
to the wiring layer, wherein the wiring layer is

electrically isclated from the conductive layer.

8. The semiconductor device of claim 1, wherein the
ratio between the total of the bottom area of the
through hcles and the top surface area of the wiring
layer is from about 1:400 to 1:10,000 {(or from about
0.0025 to 0.0001).

9, The semiconductor device of claim 8, wherein the
ratio is from about 1:440 to 1:4,000 (or from about

0.00227 to 0.00025).

10. The semiconductor device of claim 9, wherein the
ratic is from about 1:400 to 1:1,500 (or from about

0.00227 to 0.000667}).
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forming an electrically floating wiring layer on the first insulating
film formng a second insulating film''on the wiring |ayer; and f.qrmn

one or nore through holes in the second insulating filmonto the méﬁPn@UL

| ayer so that a ratio between a total of a bottomarea of the through

hol es and a top surface area of the wiring layer is 1:300 to 10,000. 12. A
process according to claimi 1, wherein the bottom area of each of the

t hrough holes or the thickness of the second insulating filmis determ ned

h h ' f h h . hal :
o ocoss ackbrding. PoPtPERSi 9! AHAY A SHe S TO et 450 BP 85 e so ¢ hat

the bottom area of each of the through holes becones 0.1 to 1.0 pnt. 14. A
process ac€OfPHF!IPE-claim 11, wherein the through holes are fornmed in the
second insulating film by dr{y etching ~at an etching rate of the wring

| ayer to the seconformsnigatifmgst frigwhagieatddm tmag semigodyder 2004 15. A
process according to claim14., wherein the dry etching is carried out by
an inductiyahsteawp] ed plasma etching nethod utilizing C2F6, CAF8 and Ar
gases as etchants. 16. A process according to claim14., wherein the dry

forming an electrically floating 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,

12. A process according to claim1iy, wherein the bottom
area of each of the through holes or the thickness of the
second insulating film is determined so that the aspect ratio of

the through hole becomes 4 or less.

13. A process according to claimii, wherein the through
holes are formed so that the bottom area of each of the

through holes becomes 0.1 to 1.0 pm?.

14 A process according to claimiil, wherein the through
holes are formed in the second insulating film by dry etching
at an etching rate of the wiring layer to the second insulating

film greater than 1.



etching is carried out by a magnetic field-excited reactive ion etching -

met hod utilizing C4AF8, CO Ar and 02 gases as etchants. 29 -
: 30 SEP 2004

15. A process according to claim 14 , wherein the dry
etching is carried out by an inductively coupled plasma etching

method utilizing C2Fe, C4Fs and Ar gases as etchants.

16. A process according to claim 14, wherein the dry
etching is carried out by a magnetic field-excited reactive ion
etching method utilizing C4Fs, CO, Ar and Oz gases as

etchants.
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