1 - "© " LI NSULATI NG FI LM FOR SEM CONDUCTOR DEVI CE AND
SEM- CONDUCTOR DEVI CE : - FIELD OF THE | &GN 5
The present invention rel ;ﬁ%g r’t“’oﬁaon:? nt e{il ayer i nsul ati nz@;‘w{%f or med

on a production process of a sem conduct or device, and a sem conduct or
devi ce using the interlayer insulating film 10

BACKGROUND OF THE | NVENTI ON M niaturization of circuit patterns,

| ow power consunption and hi gh-speed operation of sem conductor

devi ces proceed, and (INGEARING FFLILFOR SENSCONRECTOR DEVICBSANR ance of

the circuit patterns are spread. ghmredRpyeTBRABEVPEEENSUring hi gh-speed
.and nornmal operation of the circuit, there has been considered to | ower

a dielectric constant of an interlayer insulating film - An
insulating filmcontaining a Car?&%L%t@?'Tﬁﬁ?g NTIONaD anor phous car bon
film an organic conpound insulating 20 fil'm containing a fluorine atom
and an inogani c Thenpnésenhgifivémt oy erellates dtd et iimteadayexr nsul ati ng

film having a | ow. di eLectric copnstant. However, nust sati t he
ol oui ng oo PpSnlfPisy e T CeraSt SR ot i ion Prdla ¥ ot B e
i nsul ating fil sem¥BbEButBofaévicElaHd |y émBra b raldeieepiginart théhat

I's, they nust have: 1) . Low_ dielectric constant, and al so the
fol | owi ng charbeteFriayeEsingpnlehing £bH8i cally required for a

sem conductor insulating film 2) Good adhesion, 30 3)
Good workability, 4) Good in step coverage 5) Good in

: Miniaturization of circuit patterns, low power -
céﬁsumption and high-speed operation of semiconductor
:devices proceed, and therefore low capacitanée and low
:rqsistance of the circuit patterns are spread. As one
15_'means of ensuring high-speed and normal operation of the

fciicuit, there has been considered to lower a dielectric
_;cdnstant of an interlayer insulating film.
Ji An insulating film containing a carbon atom, such as
-ah aﬁorphous carbon f£film, an organic compound insulating
20 film containing'a fluorine atom, and an inorganic |
insulating film have drawn attention as an insulating f£ilm
having a low dielectric constant. However, must satisfy
the following requirements to become a substitute of a
silicon oxide insulating f£ilm, which is most frequently
25 employed at the present. That is, they must have:
. 1) Low dielectric constant,
and also the following characteristics, which are basically
reguired for a semiconductor insulating f£ilm:
2) Good adhesion,
30 ~ 3) Good workability,
4) Good in step coverage

5) Good in gap fill property,



2-= Substitute sheet - 14 July 2001 (4) An insulating film

for -a sem conduct or device as I n one of the constitutions (1) to (3),
whérei n a shape of the insulating filmis abl e of being patterned by
i rradi ati on of oxygen plasma. 5 (5% A famiss

conprising a sem conduct or substrate havi pg thqugpﬂg 'gﬁs tmo
conductive | ayers through an interlayer insuratrmg—+a—the interlayer

insulating filmis in t one of the constitutions
(1) to (4). 10 %) | "thd H%lgé’gﬁﬁ 'PTI ON OF THE DRAW NGS
Figure 1 is a di agr amrat i Capaloikits eofofceping edithl | &utdemeceneanplreceksa

LPCVD (Lom/Pres ure Vapor Deposition) apparatus used for
formation of an é%hé??é%*&?*1ln1of the invention. Figure 2 is

an expl anatory mmm Ofo Gl festiadl HasObedn knoWnCRh&evAREJE low
Fi gures 3A o 3C are cross sectional views show ng a damascene process.

20 ur eddelectkris Anstant i satdwid &he chagagseriehicen
whi ch an Ins_ul Adgiidd RO ddUdTMANYA drnSu1atiNgPEidn BR ANtEr] ayer

insulating filmo sem conduct or lgure 5is a
scanni ng eIectr%ﬁMlﬂQﬂdﬁﬂtﬂﬂlQﬁﬂﬁmeng a 25 cross section of a substrate
havi ng an insulating film of the invention forned thereon.

Figure 6 is a scanning electron m crograph showi ng a cross section of a
substrate having an insul ati ng f SUMMABRY OF THE INWENTIGM forned thereon. 30

e o 300, 07 LA O T AR "G e B 0R8, FE R 85480 °
REPLACEMENT SHHEIIm having a low dielectric constant and eXAiBlikirg01
performance that is sufficient as an interlayer insulating
£ilm of a semiconductor device, and also provide a
semiconductor device using the insulating £ilm.
15 The object of the invention can be accomplished by the
following constitutions of the inventioh.

(1) An insulating film for a semiconductor device
used as an interlayer insulating film of a semiconductor
device, the insulating f£ilm consisting essentially of poly-

20 o,c-difluoroparaxylylene and having a relative dielectric
constant of from 2.1 to 2.7.

(2) An insulating £film for a semiconductor device
used as an interlayer insulating f£ilm of a semiconductor
device, the insulating film consisting essentially of poly-

25 «a,oc-difluoroparaxylylene and exhibiting a step coverage of
from 0.4 to 0.9.

(3) An insulating film for a semiconductor device
capable of being filled in a gap, the insuléting film
consisting essentially of poly-o,o-difluoroparaxylylene,

30 having a ratio (D/L) of a"depth (D) and an opening width

—

(L) of 1 or more. —_—

———

This Sheet
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3 - Substitute sheet - 14 July 2001 6) Low wat er absorption
7) -Capability of coping with a danascene process (enbedded wi ring).
However, no material has been known that has a | oy BiISiSHEET HAS@BEESN$t ant
and satisfies all the characteristics 3 requi req for REPLAGEPr| aye

insulating filmof a sem conduct or devi ce.

SUMMARY OF THE | NVENTI ON 10 An object of the invention is to provide
an insulating filmhaving a | ow diel ectric constant and exhibiting
per f or mance that i s GUXfiAn emswtémg fildm £par & semigondyctor devAce ag
sem conduct or (%?e @@dﬂ%] o% (l)sQrg qgr’dugvhgq:eq_ﬁvhcghg?bngft he
insulating film 1 ect e i'nventi on can be acconp

by the f ol |dve rﬂglsmln;ltingjtﬁndms icsf ctalpeahhwaft bedng patterne@lpyAn

insulating filmifor sem conduct or devi ce used as an interl ayer
insulating fil :R‘ %f%%jﬁq%o‘?%f@fyﬁen PLaF8Ace, the insul ati ng film
consi sting &ssenti al{5) ofA psdnyicoiudtor dievilder rmmp&mlmlgeae semdcbauhngoa

relative dielectric constant of from?2.1 t ﬁ
insulating fil rﬁ‘?‘?ﬁt%ﬁ%rﬁ%‘ﬂ%cﬁlﬁr%l%l aStu§@76’ gonguetive, 39’8?75
insulating fil n&rﬁ.io ﬁeéﬁ é;f r insiAWtaRg Fam, Nhedtinteriaker

5 a,a-difluoro araxyl | ene and exhi biting

consi sting essentia Ofo’%
a step cover ageiIEﬁU1at11¥9 I 4§ @ Ipsulating idm asA,irn, R8&l ofi &hefil m
for a sem condygd it Pyt téns ( )cqgﬁl:ﬂ@) of being filled in a gap, the

insulating film consi st ng essentially of

pol y- [err]19 di fl uoroparaxylylene, 30 having a ratio (D/'L) of a depth (D)
and an openi ng wi dth (L)

REPLACEMENT SPEET BITEF ¥sCEYFYION OF THE DRAWINGS

Figure 1 is a diagrammatic front view of a
constitutional example of a LPCVD (Low Pressure Chemical
Vapor Deposition) apparatus used for formation of an

15 insulating £ilm of the invention.

Figure 2 is an explanatory diagram of calculation of a
step coverage.
- Figures 3A to 3C are cross sectional views showing a
damascene process.

20 Figure 4 is a cross sectional view showing an
embodiment in which an insulating f£ilm of the invention is
used as an ihterlayer insulating film of a semiconductor
device. _

Figure 5 is a scanning electron micrograph showing a

25 cross section of a substrate having an insulating f£ilm of
the invention formed thereon. |

Figure 6 is a scanning electroh micrograph showing a
cross section of a.substrate having an insulating film of
the invention formed thereon.

30 " Figure 7 is a scanning electron micrograph shbwing a
cross section of a substrate having an insulating film of

the invention formed thereon. ..

This Sheet Has Been Rep

T




14 -JUL 2001 4 Figure 8 is a
scanni ng el ectron m.crograph show ng a cross section of a substrate
havi ng an i nsulating film of the invention forned thereon.

Figure 9 is a graph showing an infrared 4pectrumof an 5 insulating film of
the invention for determ ning water absorption. Figure 10 is a -
scanni ng el ectron m crograph showi ng a cross section of a substrate

havi ng an insulatigﬂ_flln1of the i nvention forned thereon.
DETAI LED DESCRI PTI GN-ayTeriiE ds\ENRaoRing electpes miSwosrery FPPWBS fthe

nventi on consiNisy sectiRffd A bt randnd fahumammbykaaﬁl of

r epr esent ed by the followng structural fornula (I): [err]
In the struct the Inyrenkion Iformed dihexeom.s a polynerlzatlon degr ee.

The I i zati d
TR ent o 25805 4,2 Y Aty B S SBLBACE
nor e. ﬂtmm.md efxlm aoflitfheu dmvaatopl xflomnded:aurmhaihgr waatelny

the CVD (chen1 or deposition) process using
tetrafl uoro- [(ﬁﬂ ﬁégiﬁﬁtlophane represented by the 25 follow ng

structural fornul a HiguréiSi® 10V Bdfinitlg electron micrograph showing a
cross section of a substrate having an insulating f£ilm of

the invention formed thereon.

10
DETAILED DESCRIPTION OF THE INVENTION
The insulating £ilm of the invention consists
essentially of poly-o,oa-difluoroparaxylylene represented
by the following structural formula (I):
15

J(cm‘@— CF2->-;
0)

In the structural formula (I), n represents a
polymerization degree. The polymerization degree n of the
20 poly-o,a-difluoroparaxylylene used in the invention is
generally 1,000 or more, and particularly 5,000 or more.
The poly-o,a-difluoroparaxylylene can be formed by
the CVD (chemical vapor deposition) process using
tetrafluoro-[2,2]-paracyclophane represented by the

25 following structural formula (II) as a raw material:



rl] The synt hesi s of
,[err]-difluoroparaxylyl ene represented by the structural fornula

the CVD (chem cal vapor deposition) process using tetrafluoro-
] - par acycl ophane represented by the followi ng structural fornula
as a raw material has been known as di scl osed i n Unexam ned
Publ i shed Japanese Pat ent Application No. 9-25252. However, the
publication only. di scl oses the effect/a=nthat a coating filmcan be
formed 10 that is excellent in he [ esp %ﬁg Is expected to have
good bal ance in all the physical Fer t ! I nvention, on the

' I

or
-a
by
2

ot her hand, a poly-a,[err]- difluorop: ene filmis produced under

vari ous conditi ons and exam ned for pf~opPartigs and characteristics, 15
and thus it has been found that thegdl .,\@ 2@ e as an i nt erlayer

insulating filmfor a sem conductor devi e A constitutiona
exanpl e of a LPCVD apparatus used for of mation of an insulating film
of the invention is shown in Figure 1.(h producing the insulating
film 20 tetrafluoro-[2,2]-paracyclophane in the formof a diner as a

raw material is putTHen sqmﬂx&qéicsraiﬁ o lyraredifldorbpangkylyleag i nl et 101.
imer gas Th SRFRSERHADPY tie, kA UEs), SRTdo A2 npEs ERPofVBnanber - 103
and a sanpl e JTheniadievaibr Cdspwittq%d)hmtc@sl@a\aelﬂgf teteativesyum
degrees 5 [2,2]-paracyclophane represented by the following
structural formula (II) as a raw material has been known as
disclosed in Unexamined Published Japanese Patent
Application No. 9-25252. However, the publication only
discloses the effect in that a coating £ilm can be formed

10 that is excellent in heat resistance and is expected to
have good balance in all the physical properties. In the
invention, on the other hand, a poly-o,c-
difluoroparaxylylene film is produced under various:
conditions and examined for properties and characteristics,

15 and thus it has been found that the film is suitable as an
interlayer insulating £ilm for a semiconductor device.

A constitutional example of a LPCVD apparatus used for
formation of an insulating film of the invention is shown
in Figure 1. On producing the insulating £ilm,

20 tetrafluoro-[2,2]-paracyclophane in the form of a dimer as
a raw material is put in an evaporation chamber 102 through
an inlet 101. In the evaporation chamber 102, the raw
material is evaporated to be a dimer gas. The evaporation
chamber 102, and a decomposition chamber 103 and a sample

25 chamber 104 connected thereto have different vacuum degrees
by a turbo molecular pump 110 and a rofary pump 111, and

therefore the dimer gas is introduced into the



b;"a turbo nol ecul ar punp 110 and a rotary punp 111, and therefore the

dinmer gas is introduced into the deconposi tion chamber 103
and heated by a heater to be a nononer gas, which.is then introduced

i nt.o the sanple chamber 104. In the €anple chamber 104, a

pol yneri zati on reaction occurs on the surface of a sanple 107 placed on
a 5 susceptor 106, and a polynmer is accunulated to form an I nsul ating
film The susceptor 106 can be rotated by a notor 112, and its

t enperat ure cafeeRMREOM E10n cchagber 103 @ng deatedl byhe b&nttlee' IO?sta _
enerally a s f e a 0
e y %ﬁ%}e&ﬁ%&' %agsfy whidB & tnElf VI e3P nlth 2t nd %Egl | S,

contribute to t nert zathon and “accunulation 1s 1ntro

cool i ng trqhnmhﬁrtbﬂ@ugﬁnathacuampdendhamhereloalva p6Byméhization
cooling trap 109 | cooled by a cqol er 4 a t he

solidified the eé?cﬁ ?cé%%]?/%roerbl the surface LﬁC\?ﬁmggﬁ H‘Q% glﬁ&gﬁnﬁnsﬁch a
constituti &n, éth‘@cé;ﬂ:oﬁ heo@ctand d l;ﬁﬂymﬂ: tlhse acvuimaila®edr abe foirmt Aa

i nsul ating filmcan be controlled by adjusting the opening ratio of a

shutter 105 fotPIekARe &Rt néhe 5P59PB§8rbéPﬁeéﬁnth% rotagedpP¥ &hanber

104 and the degoegsiii OMakd it tekipbrdtite canOBRNcBAtr8lh8aObyt B8 vacuum
conduct ance val ve 108, and the 20 rotation nunber and the tenperature of

the susceptor Q@®ler 113. The,samplend@it Lengeratatbyidetsemtcoriuctor
accunul ation Qfarer. t Agé %ﬁ'o%&“&a&' kLR’ 8oB5 CLEE 20LNtEPRLES)! t&'g% & the

fol | owi ng _ranges: Heat1 ng tenperature 1 n the evaporation c 102:
25 - 10 polymerlzation and accumulation is 1ntro§gced ;eopepppmlng

Heat i ng terrpeq}a,_tég %r Y @@?%M%oﬁ%@% c:0%alve FOPi’ngTI?ell min the

600 to 750[err on accunulation.of the insu
sanpl e chanbercdgin@®@Ctrap 109 is cooled by a cooler 11i#o afidP&hepmefiemabl y

3 to 6 Pa @é 3{§ OQoff&TJj?te edP fther}:'%l%usac t:r:%rcovered .
- In LPCVD apparatus having such a constitution, the
15 characteristics and the formation rate of the insulating
film can be controlled by adjusting the opening ratio of a
shutter 105 for exhaust adjustment provided between the
sample chamber 104 and the decomposition chamber 103, the
opening ratio of the vacuum conductance véalve 108, and the
20 rotation number and the temperature of the susceptor 106;
 In the invention, the conditions for accumulation of
the insulating film are preferably controlled to the .
following ranges:
Heating temperature in the evaporation chamber 102:
25 80 to 180°C
Heating temperature in the decomposition chamber 103:
600 to 750°C
Pressure on accumulation of the insulating film in the
sample chamber 104: |
30 1 to 10 Pa, preferably 3 to 6 Pa
Rotation number of the susceptor 106:

0 to 10 rpm



0 tto 10 rpm 7 Tenper ature of

t he-suscept or 106: - 60
to<60[err] C . preferably -60 to
0C, . fore preferably -60 to -20[err]C 5
When the tenperature of the susceptor 106 (tenperature of the

substrate) is |ow, Is preferred since the grow ng rate of the film

It
is high, the fi+%%*§¥%%§P%$ofotﬁﬁwéﬁﬁgﬁgﬁoﬁ 1dguj the yield is inproved. The

pressure on accu ati'ng filmin the sanple chanber
104 is inportant 10 for form ng a dense insulating film Wen +6@& o est,e

IS too high, it is difficult to forma dense insulatin i
the other hand, when it is too |ow, the growi ng ratepfﬁ%erébiYM;QQIFﬁ 0.

beconmes | ow, and the productivity is deteriorah@fe preferablypy-6®@ntds ooy
t he accunul ation conditions to the 15 above-described ranges, '
characteristics sui t%WpfR BRe temperatirg |of dhe fuscented fA06m(tempgrature

sem conduct or dgw 'Elﬁ‘ea.@ubstréf@?/m:.é mdwe ol OWrtdrbed ¢infe A2 BSowing

obt ai ned: (1) The dielectric constant can be in the range of

from2.1 to 2. atpeoHi Eheck+in torvign: e £igm ilsodiaple to bexidease.
insulating filmig ﬂ?@e%féid s 9im¢ﬂ?vé&].e The PresFﬁkgl 64! E&Euﬁﬂfé{:f{}{x gk a
n rTm y

silicon oxide insulati contal nfng uorine s genera
from 3.3 to 3. 6the insulat{gg fikerimdgtleltswipie phanbeiro 184ndisalimportant

conductivelo  sox s&ASlq £TalA0l SANG duY $ih0 MG BAE Be8Soure s

sem conduct or §E%stra € can bé realTZe
i nsul ating fil ntearhbghwikets bdifficult tashimg ydemsegdnsplating £ilm.

VRO on ipe dlleTEnRh RO S0 B ool 1y IE RO ODO ¢
the f£ilm becomes low, and the productivity is deteriorated.
By controlling the accumulation conditioné to the
- 15 above-described ranges, characteristics suitable as an
interlayer insulating film for a semiconductor device as
shown in the following (1) to (7) can be obtained:
(1) The dielectric constant can be in the range of
from 2.1 to 2.7. The dielectric constant of a silicon
20 | oxide insulating film is generally 3.9, and the
dielectric constant of a silicon oxide insulating
film containing fluorine is generally from 3.3 to 3.6.
(2) A strong adhesive power to a metallic conductive
layer, an inorganic insulating layer and a
25 semiconductor substrate can be realized.
(3) The shape of the insulating £ilm can be worked by
ashing by oxygen plasma irradiation.
(4) The step coverage can be in the range of from 0.4
to 0.9. - _
30 (5) Good gap fill property can be obtained.

(6) Water absorption can be lowered.



(6) Wat er absorption can be | owered. (7) A danascene

process on the production of a '~ sem conduct or device can be

appl i ed. The above-descri bed characteristics are described in
nore detail. 5 As described in it8m (1), the dielectric constant of
the insulating filmof the invention can be |ow. Thus, when it is
applied for an interlayer insulating filmof a sem conduct or device
having a fine circuit pattern, the capacitance is | owered, and

hi gh- speed and nor nf¥) optrédanascere praceRs s dihed progyediifoncofi @ it is
sui table as an | | i RIS O ice of a wiring

desi gn rul e of a|ﬁ%ﬁé§ﬁﬁq$ﬂéqﬁfﬁfﬁgg?hi%Fe?P?%g§p°Iess. As
described in item (B)e abeveriescribef fdHanasfteristics iamecdicisoribed ha
removed by asqh q¥_8§¥9en plasma 15 irradiation. Specifically, because
sufficient selecC |V|?y * can be ensured between a resist mask and a hard

mask on thé ox YAKE nd ¢ crsitredisin nighent lr(a )i,ns:ﬂ-eata'r?egefﬁﬂmﬁcmnmams oley
patterned by hi ng. , The calcul ati on nethod of the step coverage
o fem 20" ( 250% cHistphas g THI, Ghrdies oy 4R TR GRe. Do Rogar oHBSS. © Shows
a state in thagphéd isis aa%méa |#818 drS 13AEH dyeirednsula®ing $4hal b2l 8 1
havi ng a step structure. e step coverage i s expressed by B/A where A

represents theSemiconguaior desfigehawng & figef iolscyist rag&enrppeitheur f ace

of 25 the st e&h%@é@t&é@pié?%}érédle did YR HeeiNadd Abri8 operation
insulating film3 at the e%ge part of the step. The gap Frf '
property 3Rowfam he sngwedhowpechficallyapibi L5t yubtable| asgarn a gap

such 25 2 91 s othd oy o0 Sty s PO LHOLe BN acllich |1

aspect ratio o e gap becones hig I's gener al o fil
t he i nsul atwky 9f |annmininnon dameniwiiddin offorlnpumg oantedef.ect such as

voi ds or pinholes. Jhefel dfied & 1B 79)19 the' Ths3hting £ilm of the
invention can be removed by ashing by oxygen plasma
15 irradiation. Specifically, because sufficient selectivity
can be ensured between a resist mask and a hard mask on the
oxygen plasma ashing, the insulating £ilm can be easily
patterned by ashing.

The calculation method of the step coverage in item .

20 (4) is explained with reference to Figure 2. Figure 2
shows a state in that an insulating film 3 is accumulated
on a substrate 1 having a step structure. The step
coverage is expressed by B/A, where A represents the
thickness of the insulating film 3 at the upper surface of

25 the step, and B represents the minimum thickness of the
insulating f£film 3 at the edge part of the step.

The gap fill property shown in item (5) shows the
capability of filling in a gap, such as a groove and a hole
'present between electrode layers. When the aspect ratio of

30 the gap becomes high, it is generally difficult to fill the
insulating film in the gap without forming any defect such

as voids or pinholes. Therefore, the insulating film that



»

9 . - can be filled in a gap having a high aspect ratio is excel | ent
in-.gap fill property. The aspect ratio is expressed by DL, where D
represents the depth of the gap, and L represents the opening w dth of
the gap. Wien the 5 gap is in the form®f a hole, the opening width L
means its vi a-hol e di aneter (short dianeter). The insulating film of
the invention has high gap fill property due to high flowability on

filmformation, and c e.fjilled wth - substantially no defect, for
exanpl o, T o SR WRVERELS 07 & gethavige R o aaberb ABEAS L6 can be
easily filled dfcaéllent 0P iy ifid 1o grcperasnectrneabspedt FaOi®3140 10. 1t
can be applied to a fine wiring pattern where L 1s 0.25 [err]mor |ess,

and al so can PFRERPIIKY B A edfhefil) nepresfntsn§hsafepth of thpegart is
from0.1 to O-a;l:&a[:?rfelﬁmeée“ms the Yg¥ifndS1idtel o2t kR Pabm Hmddethe

I nvention is excellent in step coverage and gap fill property, an

i nsul ati ngSfi I9Aaks rgp atheifammathia lhedss Wiheh opendogdwidth bamebssf dtsed
even in a ste 1€ ' | ng. and

i on aspect r Nh Mo G MLERY Adelle). SalTLASHAPEY " HGE

i1 s advant ageousherinventidrediisqrigh gapaFbidilt propelréywdae taphtghor

el ectrodes an flattenin f vario steps Jin_a sem dyct or. devi ce.
Because the i %slucfvéafl?lh]g%?}l’ Iérrﬁl %ﬁt"hg%llmﬁﬁﬁndn aRgs cah e%ggian&lgihl ow wat er
absorpti on as sistarniniallmnd)defdcetlb foxuleiampllieg! iy dogapnhbvadgoabpymt er
when it i OaIIo dto stgnd bg the air after_formatjon,. Since the
insulatinz O% i} R MRS at ENFLALTRPTRor 1 nGEBYPE HRR o 1 of t,

it is general lgaghaigients Hinigmedpetd ratdonaiteEraRsar pbi 20. It addeibe
annealing is alsa extrenely |ow. Accordingly, the 30_ water absorption does

not change by 3RRA1af st finfariring, patierngwhergeheidl Py28 oBueT ebe By -

heating at a and also can be applied to an extremely fine wiring pattern

_ where L is from 0.1 to 0.18 um.

15 Since the insulating film of the invention is
excellent in step coverage and gap f£ill property, an
insﬁlating film having a uniform thickness with no wvoids
can be formed even in a step part and an uneven part having
a narrow opening and a high aspect ratio. The_insulating

20 film excellent in gap fill property is advantageous on
emﬁedding of a capacitance between capacitor electrodes and
flattening of various steps in a semiconductor device.

| Because the insulating f£ilm of the invention has an
extremely low water absorption as shown in item (6), it

25 substantially does not adsorb water when it is allowed to
stand in the air after formation. Since the insulating
film immediately after forming by the CVD process is soft,
it is generally hardened by annealing, and water absorption
after annealing is also extremely low. Accordingly, the

30 water absorbtion does not change by heat history. The

annealing is generally conducted by heating at a



10 ' ‘tenperature range of from 300 to 500[err]C for from5 to 60

m nut es. The process of the damascene process shown in item (7)

i stexplained with reference to Figures 3A, 3B and 3C. As 5 shown in Figure
3A, a conductive layer (first wiring | ay&) 21 is formed on a substrate
1, and an insulating film3 as an interlayer insulating filmis forned.
The insul ati ng film3 is etched by the photolithographic process to
forma groove 30a in which a second wiring layer is filled, and a 10
via hol e 30b i ntempenature warge vof nEram 300 conf’Cnforhérom 5ftos60wi ring

| ayer and the qﬁﬁgggegﬁring | ayer is filled. As shown in Figure 3B, a
conductive | ayer s’ forned on the insulating film3 by sputtering or

el ectrolytic plati ngThe prédtessict tthee,ddnis canal pridoss sTabewnalin 1t /(99
in the 15 groov 31a nd t a hole 30b. As shown |n F| ure 3C, t he
conducti ve | ayef %% {E s%qﬁe(’naq e ha Fhausas 32, 3B g8k 3G-orAs

reverse spust ersmgmi 01111 eFyerd NEa pad tedidifilve layelt t(*ﬁfs&s Wﬁlih@g 16y 3,
SO as to obtain the state where - a second wiring |layer 22a and a via

conductive mat et} ats 2B0rmed £n & kpigRt khandan dnsydating £ilph3sast he
damascene AP CHTEe f&s{é’f’ ﬁ%&i@&ﬁ& £4¥6n 'i%slﬂ%&dew f‘riﬁ%‘ g% !éf%tlng
a e e e e y a

i nvention. This neans th a netallic™wring can
phot ol yt hogr apHiElmprdcks setehesl thie ﬂhﬁ;mrmﬂﬁqthogrfammwisomg &orm a

SLOPDET anen | e 64 v | B 2 debdrin B BeyeReTo 8 TRENAhG"

polishing or reverse sputteri ona exanple 4]
an enbodi ndft iviathale t30d in whﬁnhzﬁlcquudhmvﬁ matenianenbnnactingseﬂeas

Flgure 4 in S4re MAAAd de it Barid Mg fave:' fo02tied 00

i nsul ati ng f i I MRS shovm nDrEﬂ.gnre/esB ,a)erconduc(tﬁmbon.dyw 220 ika¥ekmed2ofr €

formed on a SL'SHéégnsélatlng film 3 by sputtering or electrolytic plating.

At this time, the conductive material is filled in the

15 groove 3la and the via hole 30b. As shown in Figure 3C,
the conductive layer 22 is etched by chemical mechanical
polishing or reverse spﬁttering to remove the part present
on the insulating film 3, so as to obtain the state where a
second wiring layer 22a and a via conductive material 22b

20 are embedded in the insulating film 3. Thus, the damascene
process can be applied to the insulating f£ilm of the
invention. This means that a metallic wiring can be
embedded by a photolythographic process, and the insulating
film 3 functions as a stopper when the conductive layer 22

25 is etched by chemical mechanical polishing or reverse
sputtering. '

A constitutional example of an embodiment in which the

insulating film of the invention is used as an interlayer
insulating film of a semiconductor device is Shown in

30 Figure 4. In Figure 4, a conductive layer (first wiring
layer) 21, an insulating f£ilm 3 and azconductiVe layer

(second wiring layer) 22 are formed on a substrate 1 in



thi-s order, and the conductive layer 21 and the conductive | ayer 22 are
electrically connected by a via conductive material 22b filled in a
contact hole piercing the insulatin% film3. The insulating film3is
an interlayer 5 insulating film and, i1 the enbodi ment shown in Figure 4,
has a constitution in that inorganic insulating filns 3a and 3b are
accunul ated as sandmﬁching an insulating film31 of the invention. The

i norgani c i nsul a%}gfg ns Sa(il al so has functions as a mask fo
pattern forming, Preehf ot ¢ %dq‘b?lvfdﬂé’éf%r?és§n§n&h§n conductive
anti-hygroscopi Clayerf22 rar@r&ha@&exé&ny (007574 0= Posas Yo S 'Hy' ORiAXicdadattikll con
nitride. The conductive |layer 21 in contact with the substrate 1

general | y conpri®atenial thilkathdreta \aontacy hpde plexgdngnthentact with
the substrate 1—£H§ﬁi§#i%&l§hﬁ9q?r'§ﬁﬁ PrsulhtEH Oflfﬁu§'iguanTyﬁt¥ffa er

conductive mat er | b ‘general I'y conprises since it must have
gap fill propertinsul@iing|£ilesand, tire e cmhiddigneindy shown in2Fignge?2.i s

about from 50 t f iz, and
3b i s about from%% n&%%fﬂu%%%r@b '{}}%h?%'%%%aen %dns%%k‘?%ﬁgg F%\Elg’f §]a t he
invention is abcand 3b drenrndd@nilatED agnsaidwidibdnet an dhstlating f£ilm 31
conducti ve erd al, 22b en aI Ly from, 100 to

i nterl ayer insulr% i TP Y é’r?fg éPHQSHic 1napglgg*ngn}+%{rﬂ§ n%@e?im5 35"
structure wher e elsSHad lfmmsi&t‘s Saamch/\nxﬁmdﬁar ipatean Eorangat ang fil s
has been kn;m/n. - However, since the SOG fil m absorbs nmoisture in the SOG

uct

| ani nated s jenfngqusqqqu?ayesr R fdhesivenesse agdcap prti-hygRegcRPLrng

(via conductive gmtme) i snhd % ddm;;ﬂese siladorC dtiawl arhaligichde to
such noi sture rel ease sor bs noi sture, and conductive failure
someti mes occur $ 1@?\‘-4?19 The M@PCN&N& 1p¥exsudd iRecPntachtWhthithen of the

invention is substrate 1 generally comprises Al, and the conductive
layer 22 not in contact with the substrate 1 generally
15 comprises Cu, Al-Cu or Al-Si-Cu. The via conductive
material.22b generally comprises W or Cu since it must have
gap fill property. The thickness of the conductive layers
21 and 22 is about from 50 to 500 nm, that of the inorganic
insulating f£ilms 3a and 3b is about from 50 to 200 nm, and
20 that of the insulating f£ilm 31 of the invention is about
from 200 to 500 nm. The diameter of the via conductive
material 22b is generally from 100 to 500 nm.
In an interlayer insulating f£ilm using SOG (spin on
glass), a laminated structure where an SOG film is
25 sandwiched by inorganic insulating films has been known.
However, since the SOG film absorbs moisture in the SOG
laminated structure, moisture is released from the SOG film
when wiring (via conductive material) is formed in the
adjacent via hole. Due to such moisture release, W absorbs
30 moisture, and conductive failure sometimes occurs. On the

~ other hand, because the insulating £ilm of the invention is



12 " extremely lowin water absorption, such conductive failure IS
difficult to occur. In the constitutional exanple shown in Figure
4,+whil e t he conductive layers (wiring |ayers) has a 2-layer 5
structure, the insulating filmof the iﬂ@gntion can be applied to a
constitution having 3 or nore conductive | ayers. The inorganic
insulating filnms 3a and 3b are not necessary and can be provi ded

dependi ng on neggBfémdly low in watEr ABEBIGIH ih PredS Toductive failure
tetrafluoro-[2,2]- iaracyclophane represented by the structural formula

10
(1) used ob®fS+FFHEIIRet? REFWEing filmof the invention by the
CvD ' t t Al War ' ' :
process Is not pagligy %ﬁﬂtiiﬂiﬁgﬁv\%%ﬂﬂl&&h% in Eﬁ.ér&%%ei' Z%ﬁlle

according to the followmng route as s exam ne ubl’i shie
Japanese Pat entthgptorduncbhvelolaperd 5(wH2ERy layers) has a 2-layererr]

[2’2]'Parac¥ﬁlOgaﬁﬁgtﬁﬁgfeéﬁgtfﬁgﬁwhéfﬁbE%ffﬁnéfwghe,invention_can be

applied to a constitution having 3 or more conductive
layers. The inorganic insulating films 3a and 3b are not
necessary and can be provided depending on necessity.
The production process of tetrafluoro-[2,2]-

10 paracyclophane represented by the structural formula (II)
used on forming the insulating f£ilm of the invention by the
CVD process is not particularly limited, and it can be
synthesized according to the following route as shown in

- Unexamined Published Japanese Patent Application No. 9-

15 25252.
CH2—©—0H2 CBrz—Q—CHZ
| —
Hy CH2—®—CBr2

(1) | (Iv)

CO“*(::>P‘CH2 CF{‘*(::>F50H2
— | | — ]
CHZ‘*(::>F-CO CHZ_*<::>*—CF2
- (V)

()

CH, C

[2,2]-Paracyclophane repreeented by the structural
20 formula (III) used as a starting raw material in this
synthesis route is available from Daisan Kasei Co., Ltd.

The starting raw material is reacted with N-bromosuccinic



20-f or mul a (I''1) used as a starting raw material in this synt hesi s

route is avail able from Dai san Kasei Co., Ltd. The starting raw
material is reacted with N-bronmosuccinic

13 . imde in an inert solvent in flde presence of a peroxide

catal yst, under irradiation of an ultraviolet ray, or under t he

conbi nation use of a peroxide catalyst and ultraviol et ray irradiation,

to obtain tetrahy +[.2,.2] - c ne.5 p ur al
formila (1v). iaRose. = 1BEE3 41 0RRE Enn chETRESEERE O L PR HAE
structural forecatalyst (Vpdbs dirraddetiibn oéaanlngtraviolet ray, or under

tetrab -[ 2, h t
(1) i th sod: e SoRpinatidR fise, pf A REEERIEE, M aITRE 4 ] GratfiiRE °
By 10 reacti ngrdiykdirpadilatidh, pabacythophaserabpoms ez £2l] hyatdeyclophane

structural ornulag%Y) with a fluorination ag nt such a? tetrafluoro
sul fur and 9 ehded PYr the prggrtysal forpaky) (IV). Diketone-
tetrafl uoro-[ 2,3 2napa Bgﬂ%néeﬁéﬁieaéﬁgeEYbirhﬁhe stBhEHEEAL S oFmiTall a
(1) as the objectlve conmpound can be 15 obt ai ned On_the reaction

obt ai ni ng t et r dBNods- P@t?Fnsér§6y§Pé§ﬁ&ﬁ§ tetrabpemach? e?] tRAXFRYSLORRARS 3
formula (I'V) f&%%%e?ted b a§¥§{18|9§§92 fSPﬁnﬁi&n?gf;)t 1 {les Skt ur al

formula (111) romn conpoun represent ed e structural
formula 20 (VIpaeiaahs@rf@ﬁﬁﬁ@raacetdtaginoanhecebito@ﬁn@ seheent. By
10 reacting diketone-[2,2]-paracyclophane represented by the
structural formula (V) with a fluorination agent such as
tetrafluoro sulfur and diethylaminosulfur trifluorilde
.(DAST), tetrafluoro-[2,2]-paracyclophane represented by the
. structural formula (II) as the'objective compound can be
15 obtained.
On the reaction obtaining tetrabromo-[2,2]-paracyclophane
represented by the structural formula (IV) from [2,2]-
paracyclophane represented by the structural formula (III),
a brominated compound represented by the structural formula

20 (VI) is also formed according to the following scheme: =

| CBrg—Q—CHz
gt

CH
2 av)

CH,

O
an) o e CBrZ—Q_CBrz
O

(V1)

CH,



[e}r] ' - 14 The brom nat ed

conpound represented by the structural formula (VI) can be separated by
utrlizing difference in solubility in the solvent. 5

EXAVPLE EXAVPLE1L ' The insuldding fil mof the invention was
produced and Its dielectric constant was neasured.

Tetrafl uoro-[ 2, 2] - paracyclophane represented by the 10 structural fornula

Lo 1 he et hod- A88: PERR neRea”bobiGuil FepreReRFeR Y Sind bty ' 10

Appl i cati on Nofoﬁmula (25252an be separibéa-byaut&Iizimgmﬁﬂfﬂa&gﬁaﬁmin

represented by t 12 %tru a (1) was accunul ated on a substrate
having a flat §8rP&teHhy a8 be 59 Xﬁﬁ CVD appar at us havi ng a
constitution shown in Figure 1. The conditions of accunul ati on were as

fol |l ows: 5 Heating tenperature in the exsgpLgti on chanber 102: 20
120[err] C Heating tenperature in the deconposition chanber 103:
700[err]C EXAMELE_J. _

The insulating f£ilm of the invention was produced and

its dielectric constant was measured.
Tetrafluoro-[2,2]-paracyclophane'répresented_by the
10 structural formula (II) used as a raw material of the CVD
process was produced according to the method described in
Unexamined Published Japanese Patent Application No. 9-
25252,
Poly-a,a-difluoroparaxylylene represented by the
15 structural formula (I) was accumulated on a substrate
having a flat surface by using a vacuum CVD apparatus
having a constitution shown in Figure 1. The conditions of
accumulation were as follows:

Heating temperature in the evaporation chamber 102:

20 120°C
Heating temperature in fhe decomposition chamber 103:
| 700°C
Pressure on accumulation of the insulating £ilm in the
sample chamber 104:
25 4 Pa
Temperature of the susceptor:
-40°C

The accumulation time was 30 minutes. After
accumulation, annealing was conducted at 350°C for 30
30 minutes. As a substrate, a copper substrate and a p-type
semiconductor Si wafer were used. After forming an

insulating £ilm having a-fhickness of 1 pm on the



=

Pressure on accunul ation of the insulating filmin the sanmpl e chanber

104 25 . 4 Pa
Temrperature of the susceptor:

-40[err]C , The accunulation tind%as 30 minutes. After

accumrul ati on, annealing was conducted at 350[err]C for 30 30 mnutes. As a
substrate, a copper substrate and a p-type sem conductor Si wafer were

used. After forgyj | syl af 4 | [ hi ckness of errlm
used. Uk lkes, &1 4180:L668" Q8Y' GnBihbity Bobhed bY
el ectrode was apdtitemirsdy foroethhy sampk@sitferimgastpendhdin sanples for
measur enment .’ The s | es for neasurenent were subjected to

measur ement of capacitARFPLLHENT MRAN TR (¥oke FEPIREted tQpper

substrate or befethRirdment) of! GspaOfarcd BoEwdeh YPRe A1 SEULELOEECEAE Fhe
wafer wwth a 1-MHz CV plotter. ‘As a result, the dielectric constant of

t he i nsul at$ng dappemEubstrate 1ol bekwrenfthie odl 2electrodd. and th&xpiherpe?

10 The a i . t | i g, £ e red. By
using an Si m%%&goq‘a&{g%\%éﬁ?% ev?ggélpﬁ%ﬁa{li%g@ﬂw gf‘?ﬁﬁ?ﬁkne@sss:a 220
nm of the invassult waishd oddieteatric comswamt eslf utiler ihsel abiRg CHDUnt wass

as in Exanple 1. Al adhesj ve tape was adhered on the insulating film
and then 15 pé& é:g’eof"fa,m%%to# rﬁr%sﬁ Li¥dg2 7t m was not peel ed.

EXAVPLE 3 EXAMPI®E ®xygen plasma ashi ng was conducted on the

insulating_film An insulating film(thickness: 560 nnm of the 20
i nvention #Was- f or nedhsh adhesivareovendef the teswlatingofilmiwas measured.

AR g L L R L SR
on a (thickness: 220 nm) of the invention was formed and
annealed under the same conditions as in Example 1. An
adhesive tape was adhered on the insulating f£ilm and then
15 peeled off, but the insulating f£ilm was not peeled. |
EXAMPLE 3
The oxygen plasma ashing was conducted on the
insulatipg Film.
An insulating £ilm (thickness: 560 nm) of the
20 invention was formed on an Si wafer under.the same
conditions as in Example 1, and after accumulation,
annealing was conducted at 350°C for 75 minutes. After a
mask was formed by photoresist, it was placed on a
substrate stage of a plasma asher, and oxygen plasma ashing

25 was conducted under the following conditions:

Oxygen gas flow amount: 90 SCCM

Vacuum degree: - ' 8 Pa

RF power: _ 4.1 Watt/cm® (13.56 MHz)

Ashing rate: 113.3 nm/min
30 After ashing, the insulating film was removed

according to the mask pattern, and burning flaw was not

observed on the insulating film after ashing.



sdbstrate-stage of a plasha asher, and oxygen plasma ashing 25 was

conducted under the follow ng conditions: Oxygen gas fl ow anount:

90~ SCCM. Vacuum degr ee: 8 Pa

RF power : 4.1 Wi t/cn2 (13.56 MHz) Ashi ng
rate: 113.3 nmimn 30 After ashing,
the insulating fil mwas renoved according to the nask pattern, and
burning flaw observed on the insulating filmafter ashing.

16 EXA The step coverage and the gap fill property of
t he I nsul ati ng Themswepe corataged and the gapAFfillsgpripersy idfnthe

(thickness: 250 I nvention was fornmed on an Si wafer having a

n of th 5
via hol e héQFﬁEaﬁﬁngp%ﬁ#WgW&FSWEPQFUGFGO.18 [err]mand an aspect ratio

of 8 tofill the | naulALNGthhgMelint RerdoRnBEs?. 2508 am) dENdid | ons for
accunul ation of the insulating filmwere the same as in Exanple 1.
After fornithg in¥entionawiasgfoirmed 00 aphSiswedferahavimg eutvia holeace

per pendi cul ar [ . h bstrate. Si on
t he cut su%ggégg %ﬁigﬁeﬁég tﬁg%m%%§%r§§3%b§%a%§bgﬁ§ égaeéggﬁknfé¥io
m croscope. A ofaBni hg €hiaddt the dnsudgtdply s dpf ahecdria hdle.shuhe in
Figure 5, and an gn%arged view thereof .is showmn 15 in Figure 6. 1In
Figures 5 and §°R8ihiPRshLornges gtion gf; fhe,dasula it Jtgny the

film It is undametagdihr ekamplet heseaft&Hr £ormiay the iAsthating Eihm,of
the invention is filled in the via hole having a small opening dianeter
and a 30y gehaspubstrateo wast Byt afopd§ace perpendigaliags Hoatthey Mainm of

the invention asnbopEedn@Nelpstratist A2 fabylfded st GACENA! St ep

structure contalning conpli cated unevenness. e conditions r
accunul ati on o$urfacehewhishl wasnghenl vbseryetihbysarscannimgbedguita-on
Scanning el ectfon, BLeh8d" 2PN 8hhRing "E1E9EBE ' R1c8hokiBh thus obtainea
is shown in Figure 5, and an enlarged view thereof is shown
15 in Figure 6. In Figures 5 and 6, a part having a high
brightness is the insulating film. It is understood from
these figures that the insulating f£ilm of the invention is
fiiled in the via hole having a small opening diameter and
a large aspect ratio without voids. |
20 The insulating film of the invention was formed on a
substrate having a surface of a step structure containing
complicated unevenness. The conditions for accumulation of
the insulating film were the same as in Example 1.
Scanning electron micrographs after the formation of the
26 insulating film are shown in Figures 7 and 8. It is
understood from these figures that in the insulating £ilm,
a bridge connecting protrusions of the unevenness is not
obsérved, and the formation of voids is not observed.
EXAMPLE 5
30 Water absbrption of the insulating film was measured.
The insulating film (thickness: 220 nm) of the

invention was formed on an Si substrate under the same



25 insulating filmare shown in Figures 7 and 8. It is under st ood
fromthese figures that in the insulating film a bridge connecting
protrusions of the unevenness is not observed, and the formation of
voi.ds i s not observed. EXAVPLE 5 3017 Wat er absorption of the
insulating filmwas neasured. The insulating film (thickness: 220
nm of the I nvention was formed on an Si substrate under the sane

iZasurenenfoagLé6ﬁ§$tf8 gnggx gﬁa%p%%e alﬁﬁ¥ltln ?@£3%5%?$8ies £0%r 48

hours. They menmeammnemenEaWGﬂelalaaweheﬁbrseand ihUERacaiirn (23°AC| r ©9ERH)

at nosphere for rq gp The 5 anneal i ng tenperature was 300[err] C,
350[err] C or 4 § oYRsy wEhey were Hhen annealed | Hheal t9LeERRLCI n t he

air for 48 hourgyriace 1ﬂa£tn9£r§§€H|§Em8@§hQEE f??lggtﬁﬂnﬁ@ekhe pRgeal i ng

but continuously allowed to's in the air The
i nsul ati ng Pi | mweahing shemperaturerwaar 3607@r 3%0°G m&rdﬂéﬂcspéthemnwene

determ ne t he qﬂﬁﬁg e bsaqr h result own in

Figure 9. The hea Qfﬁfﬁﬂ@%O§§18%?§e§§0§é5ﬁ5 % ?Hg gﬁgc gﬁ g8u§§ i sPas

fol | ows: Sparinot nsamplys avasvadtt subjestedntbhenai anihéaliﬁg Bareal i ng
tenperature of 350[err]C S4.

t t f 300
Aﬁzgg{?n;r?eﬁpéFgf %%5%$S£%o?§f?vﬁangg ?angpéﬁtFﬁﬁ135r £0FoP6 RSN num

base of an infrared the :EiQQﬁié@ﬁﬁ?pfa.lﬂoof the éambieyn\s#s&s}c.eagu}éa%%kgwe
9 that chanpge in wave shape o group (appearing near

crierr]) qa tcﬁnfranﬁﬁe$pgg§§umtt@ndetenman@btbevehangeann Whéernsulatlng
Tlni/renr;lt |h;(@)“r/1I ggh?bl t%%strzmlr y no vva %éﬁ%%{ﬁ%mm‘%dl atel emh%af
the filmfornuthigtcary edrresponding to the spectra S1 to S4 is as
folloﬁs:
Sl: Continuously allowed to stand in the air

15 S2: Annealing temperature of 300°C
S3: Annealing temperature of 350°C
S4: Annealing temperature of 400°C
The spectrum S5 is for an aluminum base of an infrared
spectroscope.

20 It is understood from Figure 9 that change in wave
shape of an OH group (appéaring near 3,300 cm™) due to
water absorption is not observed in all the insulating
films having any heat history. Accordingly,'the insulating
film of the invention exhibits substantially no water

25 absorption immediately after the film formation and after

' suffering heat history by annealing.
EXAMPLE 6
The insulating film of the invention was applied to
the damascene process.

30 An insulating film (thickness: 350 nm) of the

invention was formed on an Si wafer under the same

conditions as in Example 1, and subjected'to'annealing



sﬁffering'heat hi story by anneal i ng. EXAMPLE 6 The insul ating

fil'mof the invention was applied to t he damascene process. 30 An
insulating film(thickness: 350 nm of the i nvention was formed on an
Si waf er under the sane conditions 48 in Exanple 1, and subjected to
anneal i ng 18 under the sanme
conditions as in Exanple 1. After formng a via hole in the insulating

film a Cu con pve y op_the_insulatin il m.b
sputtering. Theiaehorh® Shmd3Bopgy s Bh8HsC gl Bighpld, 31 'Hetar TERfming a
conductive | ayeviaeBol8 ihhtheefinballakingh€iilmal aneahabndactivel Jaived wals

a result, t be polishing was stopped at _the surface of the insulating
film and a staf%?ﬂ?h RﬂiEﬂealeﬁﬁﬁéggﬁguglﬁgvpﬂgSQuFFSFing- stheadéamgier

filled in the vba fRéeveh hBRel Ras! 8 289 ki | Mhe Cuvﬁﬁh&ﬁﬁf49§qla?@f as
scanni ng el ectron mcrograph after 10 polishing is shown In Figure 18.
In the presént themnetehedpbyychemical mgrhandcapapatishlioge i Asappresdlto

! METLEer 88 B 0ng ki ThOboBed°HLCRILRLEE,0EYbES ey ARG

operation can bEikdmsuard anstatep tanwhdithr adevpperhprugghaving & Fdat

circuit patternSurface was filled in the via hole oflghe insulating f£ilm,
was obtained. The scanning electron micrograph after

10 polishing is shown in Figure 10.

In the present invention, poly-a,a- _
difluoroparaxylylene is applied to an interlayer inéulating
film of a semiconductor device. Accordingly, the
capacitance coupling is lowered, and high-speed and normal

15 operation can be ensured in a semiconductor device having a

fine circuit pattern.



Wiat is clained is: 1. Aninsulating filmfor a sem conductor

devi ce used as an interlayer insulating filmof a sem conductor
device, said insulating filmconsisting essentially_of 5
pol.y-a, a-di f | uor opar axyl yl ene and havind%a rel ative di el ectric constant

of from2.1to 2.7. 2. Aninsulatingfilmﬂ I H HHIor
devi ce used as an interlayer insulating filmof & n
device, said in tin C | sting essentially of 10

pol y-a, a-di fl uoméﬁ i}llrab#n% ‘gnjtsjs exhibiting a step coverage of from
0.4 to 0.09. B, MAnifmsdikting ffimeraammmmmtmrd@wree
capabl e of being filled in a gap, said |nsulat|ng fil consistin

essential |y of pEief &5 .ap finiantayes inselating fh]a“s‘ll% 3 ?%EH-%O?‘B‘%:OH a
depth (D) and a'héiﬁﬁﬂé ”%avldit:ihsulaﬂi-ﬁg Ofiﬂm%oﬁ@iﬁting essentfallPof

I nsul ati ng f|Im or a sem conductor device as clainmed in one of. clains
1 to 3, wher |nmwxﬂlmwopammmb@mgawIlmvtn@a@ambabivgel ng
patterned by 20 4. V08 5. A sem conduct or
devi ce conpri si rﬁi&'erlae;ﬂetﬁh&é%na&% ® &%%si{;rba’te aV| ng thereon at |east two

conductive | ayers 21 hr cmgmmsfulaltmg afyEIm | forl| At sewidondactar dievice
nerlayer  inou ating fJlimis an Ul AN NG TH 1D 85 Ol AL EREHa0E0S
device, said insulating film consisting essentially of
10 poly-a,c-difluoroparaxylylene and exhibiting a step
coverage of from 0.4 to 0.9.

3. An insulating film for a semiconductor device
capable of being filled in a gap, said insulating f£ilm
consisting essentially of poly-a,a-difluoroparaxylylene,

15 having a ratio (D/L) of a depth (D) and an opening width
(L) of 1 or more.

4. An insulating film for a semiconductor device as
claimed in one of claims 1 to 3, wherein a shape of said
insulating £ilm is capable of being patterned by

20 irradiation of oxygen plasma.

5. A semiconductor device comprising a semiconductor
substfate having thereon at least two cpnductive layers
through an interlayer insulating film, said interlayer
insulating film is an insulating film as claimed in one of

26 claims 1 to 4.



