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BACKGROUND OF THE INVENTION

POSITIVE TYPE PHOTOSENSITIVE RESIN COMPOSITiON

AND SEMICONDUCTOR DEVICE USING THE SAME / '

Field of the Invention

This invention relates to a positive type
photosensitive resin composition which has a high
sensitivity, can give a pattern with a high yield of
residual film thickness and is excellent in adhesion to
an ehcapsulating resin and a substrate, and to a semi-
conductor device provided with a f£ilm which is formed
from the above positive type photosensitive resin
composition and which relaxes the impact due t& the
working of molding a resin during encapsulating and also
relaxes the stress'caﬁéed ih_various thermal histories

after the molding.

Description of Related Art _

Polyimide reéins having excellent heat
resistance, excellent electrical characteristics and
excellent mechanical characteristics have heretofore
been used for a surface-protecting film of a semicon-
ductor element and an interlaminar insulation film of a
semiconductor element. Recently, however, a remarkable
enhancement of heat cycle resistance, thefmal shock
resistance and the like have beén required because of
the high integration and lérgening of a semiconductor

element, the thinning and miniaturization of an
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encapsulating resin package, the transfer to surface

i

mounting by a solder reflow and the like, and hence, a

~polyimide resin having higher performances has become

required.

On the other hand, the spotlight of attention
is now being focused on a technique of imparting photo-
sensitivity to a polyimide resin itself, and the poly-
imide resin to which photosensitivity has been imparted
by the technique include, for example, those represented

by the following formula (16) and the like:

1
(]

.0 0
I ]

C—0-CHe CHx-0-C-C =CH,

\/ l

CHa Riy CHa

Lor]

(16)

- /\
HaC=C-C-0-CHrCH0-C  C-R-RirN

i g il |

0 OH ® o

wherein R;, is’)@I and R;, is o@ .

When these polyimide resins are used, a part
of the pattern-forming step can be simplified and they
have an effect of shortening the step. However, in the
development step, a solvent such as N-methyl-2-pyrroli-
done or the like becomes necessary, so that the use of
the above polyimides has a problem in respects of safety

and handling. Recently, therefore, there has been
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developed a positive type photosensitive resin which can
be subjected to development with an aqueous alkali solu-

tion. For example, JP-B-1-46,862 discloses a positive

. type photosensitive resin composed of a polybenzoxazoie

resin and a diazoquinone compound or of a polybenzoxa-
zole precursor and a diazoquinone compound. This
photosensiti#e resin has high heat resistance, excellent
electrical characteristics and fine processing proper-
ties and also has a possibility of use as not only a
wafer coating resin but also an interlaminar insulation
resin.

In the development mechanism of the above
positive type photosensitive resin, the diazoquinone
compound in the unexposed portion is insoluble in an
aqueous alkali solution and cauées, when exposed to
light, a chémical reaction ﬁo become soluble in an
aqueous alkali solution, and the utilization of this
difference in solubility between the exposed portion and
the unexposed portion makes it possible to prepare a
coating film pattern composed of only the unexposed
portion. |

When such a photosensitive resin is actually
used, the sensitivity of the photosensitive resin parti-
cularly .becomes a problem. When the sensitivity is low,
the exposure time per one sheet of wafer becomes long,
and the throughput becomes low. Therefore, when, for
example, the molecular weight of the polybenzoxazole

resin as the base resin is made small for the purpose of
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enhancing the sensitivity of the photosensitive resin,
there are caused such problems that the film loss of the
unexposed portion during the development becomes large
and the pattern shape becomes bad.

Moreover, the adhesion between the photo-
sensitive resin and the encapsulating resin is bad, and
delamination is caused at the interface therebetween, so
that there is a problem in practical use. Hence, a
photosensitive resin having much better adhesion to the
encapsulating resin has become strongly demanded.

Furthermore, in the case of the above positive
type photosensitive resin, the removal of the resin in
the via hole portion is effected using an alkaline
aqueous'solution, so that no organic solvent is required
unlike other conventional photosensitive polyimide
resins and hence the safety of working is further
increased.

However, the above photosensitive polybenzoxa-
zole precursor is inferior in adhesion to a substrate,
particularly a silicon wafer, and has such a serious
problem that the resin is peeled from the substrate by a
treatment at a high temperature at a high humidity after
curing. This problem cannot be completely solved by
adding to the precursor a silane coupling agent or the
like which is put on market for improving adhesion, and

at present, the use thereof is severely limited.
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OBJECT AND SUMMARY OF THE INVENTION

An object of this invention is to provide a
positive type photosensitive resin which has a high sen-
éitivity and can give a pattern with a high yield of
residual film thickness and is excellent in adhesion to
an encapsulating resin and a substrate.

- Another object of this invention is to provide

a semiconductor device having a high reliability in
which a pattern of a polybenzoxazole resin has been
formed with a high yield of residual film thickness on a
semiconductor.element by using the above positive type
photosensitive resin excellent in adhesion to an
encapsulating resin.

Other objects and advantages of this invention
will become apparent from the following description.

According to this invention, there is provided
a positive type photosensitive resin cbmposition'which
comprises:
(A) 100 parts by weight of a polyamide represented by

the general formula (1):

OH 0 0 0 0]

NH - X -NH-C-Y-Cj~NH -2 -NH -C - Y - CJ5

(1)
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wherein X represents a tetravalent aromatic group; Y is
a divalent aromatic group; Z is a group represented by

the following formula:

Ry R,

"Rl-Si—O"Si-RZ-

R, R,

in which R, and R; represent divalent organic groups and
R; and R, represent monovalent organic groups; a and b
represent mole fractions; a + b = 100 mole %; a = 60.0
to 100.0 mole %; b = 0 to 40 mole %; and n is an integer
of 2 to 500, |

(B) 1 to 100 parts by weight of a photosensitive diazo-
quinone compound, and -

(C) 1 to 50'parts by weight of at least one member
selected from the group consisting of phenol compounds

represented by the general formulas (2) and (3):

R7 . R9
R, o ,
H0\7<§E;\ é | (2)
"/ |
R
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wherein R; and Ry represent hydrogen atoms or alkyl
groups and each of R;, R;, Ry and R;, represents indepen-
dently a member selected from the group consisting of a

hydrogen atom, a hydroxyl group and an alkyl group,

OH

HO
C - R! (3)

OH

wherein R! represehts a hydrogen atom or an alkyl group;
and each of R?, R}, R%, R® R® and R’ represents indepen-
dently a member selected from the group consisting of a
hydrogen atom, a halogen atom, a hydroxyl group, an
alkyl group and an alicyclic group; and/or

(D) 0.1 to 20 parts by weight of at lease one member
selected from the group.consisting of organosilicon
compounds represented by the general formulas (8), (9)

and (10):

(Tﬂn

(RS) 3-Q-Si - CHZ-CHZ—RS-N—W—RS—C.—OH . ( 8 )
|

HO o)

This Sheet Has Been Replaced \ THIS SHEET HAS BEEﬂ
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wherein R; represents a divalent prganic group; Ry repre-
sents a divalent organic group; R, and Rg may be the same
as or different from each othef and each represents

independently a monovalent organic group; and ¢ repre-

5 sents an integer of 0, 1 or 2,

(Ry) H O
' 1
C
\ /

R;s (R7),

7\

HO - € 'C-N-R¢~CH,CH,-Si~(ORg)s.,

) OH

(R80)3_._-'Si - CH2CH2 - Rs - N -

(9)

wherein R; represents a tetravalent aromatic group; Rq
represents a divalent aromatic group; R; and Ry may be
the same as or different from each other and each repre-

sents independently a monovalent organic group; and ¢

10 represents an integer of 0, 1 or 2, and

(Tu e o O
(R150) 3.y ~Si~R;~CH-CH,-0-C  C-OH
\ /
OH : R;s _ (Ry7),
HO—C C“O-CHZ-CH-Rls-Si" ( ORIS) 3¢

.
© O OH

(10)
This Sheet Has Been Reilaced
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wheréin R,;s represents a tetravalent aromatic group; Rjg
represents a divalent organic group; R;; and Rjg may be
the same as or different from each other and each repre-
sents 1ndependently a monovalent organic group; and ¢
represents an integer of 0, 1 or 2.

5 : lAccording to this invention, there is further
provided a semiconductor device wherein a film of a
polybenzoxazole resin represented by the general formula
(15) is formed in a thickness of 0.1 to 20 pm on a semi-

conductor element:

o

O=0

/\/\ !
\/\/

et

o
|

(@]

Y1 (15)

—
L
=

wherein X represents a tetravalent aromatic group; Y
represents a divalent aromatic group; and Z represents a

group represented by the following formula:

R; R,
15 | |
-R -S8i -0-8i-R, ~

R4 R4
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in which R, and R, represent divalent organic groups and
R, and R, represent monovalent organic groups; a and b
represent mole fractions; a + b = 100 mole %; a is 60.0
to 100.0 mole %; b is 0 to 40.0 mole %; and n is én

integer of 2 to 500.

DETAILED DESCRIPTION OF THE INVENTION

The polyamide represented by the general
formula (1) consists of a bisaminophenol having the X
structure, a dicarboxylic acid having the Y structure
and optionally a diamine having the Z structure, and
this polyamide undergoes ring-closure upon heating at
about 300-400°C, to be converted into a polybenzoxazole
represented by the above-mentioned general formula (15)
which is a heat resistant resin.

In the polyamide represented by the general

formula (1) in this invention, X includes, for example,

This Sheet Has Been Re(i

{iL
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wherein A represents -CH,-, -O-, -S-, -80,-, -CO-, -NHCO,
-C(CH;3),- or -C(CF3),-, and the like, but is not limited
thereto.

Among them, thosé represented by the general
formula (12) are preferable because a high sensitivity

is imparted by them:

L6016

CFs 0

(12)

~e

o 0L

CH,

In the general formula (1), Y includes, for

example, the following groups:

0@ 9
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wherein A represents -CH,-, -0-, -S-, -S0;-, -CO-, ~NHCO-
or -C(CF;),-, and the like, but is not limited thereto.

Among them, groups represented by the general
formula (13) are preferable because a high sensitivity

is imparted by them:

RO Lo OO

Furthermore, in the general formula (1), 2

includes, for example,

THIS SHEET HAS BEEN
 REPLACED
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| CHs  CHi | CH:  CHa
— (CHas 4 b 1 (i — é i—O-—éi——@~
L, - L,
CHa  CHa . CHs CH; CHs
— (CHu)y R TN (CHaoly — ~2§>—s i—0—S ,_@_
L, .
CoHe Ce Hs

' |
— (CHa)s —é i—0—S i— (CHy)s —

| | Cs Hs Cs Hs
Ce Hs Cso s _ l l
©-Il-©
CHJ CH: ] ] '
’ . Ce Hs Cs Hs

l .
— (CHy)s —S i—0—S i— (CHz)s —

l

Cs Hs Cs Hs

and the like, but is not limited thereto.

In the general formula (1), % is used particu-
larly when an adhesion to a substrate such as a silicon
wafer is required, and the Z structure can be used in a
proportion of at most 40.0 mole %. When the proportion
exceeds 40.0 mole %, the solubility of the resin is
extremely lowered, scum is produced and the pattern

processing becomes impossible. Incidentally, each of X,

THtS SHE.ET HAS BEEN
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Y and Z may be used alone or in combination of two or
more.
As the polyamide, a polyamide represented by
the formula (17) corresponding to the.general formula

(1) in which b = 0 is preferably used:

OH 0 W
-(-NH - ? -NH - C - Y - C=), - (17)
OH

wherein X represents a tetravalent aromatic group, Y
represents a divalent aromatic group and n is an integer
of 2 to 500.

The photosensitive diazoquinome compound used
in.this invention is a compound having a 1,2-benzoqui-
none diazide structure or a 1,2-naphthoquinone diazide
structure, and is a compound known.by UspP 2,772,972;
2,797,213 and 3,669,658. Said compound includes, for
example, compounds represented by the following

forﬁulas:
CHs
|
C 0Q :
O =0
_ ) 1 :
CH, —C—CHs [::]
1
_ | <
© :

|
0Q
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0Q
0Q 0Q 0Q 0Q
o BBy @<{Ors
| I I
.0 Y
oQq 0Q
CH: (\:H’
0Oy =4O
'\CH, CHs
Q0 09
QO—NH CHs NH—0Q
O
|
_ CHs
CH, CHs

| I |
Q—NH— (CHz)s =S i—0—S i— (CH:)s —NH- Q

|

CHs CHs
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N:
wherein Q represents a hydrogen atom, or
0 Y
N: 302
,» and in each of the above compounds, at
0 ¢
S0, N: N2
| :
least one Q group is or @‘ .
_ : e

SO: S0
| |
Among the above compounds, the following com-

pounds are preferable in view of high yield of residual

film thickness:

' CH:
CHs

cl:—@—-oo
@m s

0Q
H
0Q | |
DO
0Q
' ' N
wherein Q is a hydrogen atom, w @ij
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The amount of the photosensitive diazogquinone
compound (B) incorporated into the polyamide.(A) is 1 to
100 parts by weight per 100 parts by weight of the poly-
amide (A). When the amount is less than 1 part by
weight, the patterning property of the resin is unsatis-
factory, while when the amount exceeds 100 parts by
weight, the tensile elongation of the film is remarkably
lowered. A semiconductor device in which a film having
a small tensile elongation is coated on the surface of a
semiconductor element is not desirable because the reli-
ability is lowered by a stress such as thermal stress or
the like.

The positive type photosensitive resin
composition of this invention can have, if necessary,
added thereto a dihydropyridine derivative for enhancing
the photosensitive characteristics. The dihydropyridine
derivative includes, for example, 2,6-dimethyl-3,5-
diacetyl-4-(2’-~nitrophenyl)-1,4-dihydropyridine, 4-(2'-
nitrophenyl)-Z,6-dimethy1-3,S-dicarboethoxy-l,4-dihydro-
pyridine, 4—(2',4'—dinitrophenyl)—2,6—dimethyl-3,5-
carbomethoxy-1,4-dihydropyridine and the like.

In the positive type photosensitive resin com-
position of this invention, it is important that at
least one member selected from the group consisting of
phenol compounds represented by the general formulas (2)
and (3) is contained in addition fo the above components
(A) and (B).

The technique of adding a phenol compound to a

This Sheet Has Been Rerlaced | THIS SHEET HAS BEEN'

(. RePLACD
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positive type resist composition is-disclosed in, e.g.,
JP-A-3-200,251; JP-A-3-200,252; JP-A-3-200,253; JP-A-3-
200,254; JP-A-4-1,650; JP-A-4-1,651; JP-A-4-11,260; JP-
A-4-12,356; and JP-A-4-12,357. Howeﬁer, phenol com-.
pounds as mentioned in these publications have only a
small effect of enhancing the sensitivity when they.are
incorporated into the positive type photosensitive resin
of this invention in which the base resin is a poly-
amide.

However, when the phenol compound represented
by the general formula (2) or (3) of this invention is
used, the dissolution rate in the exposed portion is
increased, and the sensitivity is enhanced. Further-
more, the film loss in the unexpesed portion as seen
when the sensitivity is increased by reducing the
molecular weight is very small. In this invention,
moreover, by adding the phenol compound represented by
the general formula (2) or (3), there can be obtained a
positive type photosensitive resin composition having

such new characteristics that the adhesion of the

- composition to an encapsulating resin is enhanced, and

when this composition is coated on the surface of a
semiconductor element, it has been confirmed that the
reliability of the semiconductor device is enhanced.
The compounds repfesented by the general
formula (2) include the following compounds but are net

limited thereto:

/
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OH

Ho'ca,@_ @CH,@_

011

CH. @ H()—@CH@—OH
|
CHs
CH: |
cm

CH, Cila

OH

CH, / \CH:

CHa

CH C
) CH,

“"‘“@ @@

C: H/ \nC Hs CH:

{tBu)m - CHas (tBu)n .
CH, » CH;
NG oy
HO CH. OH
o CH: )

(m and n are 1 or 2)
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¥

o e
CH; CH 3- 3
/' OH CII, CHs
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|
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CH,
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Among them, particularly preferable in
respects of sensitivity'and yiéld of residual film
thickness are compoﬁnds represented by the structural

formulas (6) and (7):

. pH
5 ©§~CH1@—'OH, | (6)
H OH .
By-+{0) g

and they are preferably contained alone or in combina-

tion in the phenol compound (C) in a proportion of at

least 50% by weight of the total weight of the phenol
10 compounds .

The phenol compound represented by the general
formula (2) is low in.solubility at low temperatures, so
that when, for example, a composition containing the
phenol compound represented by the general formula (2)

15 is stored at a very low temperature, the deposition of
the phenol compound of the general formula (2) is seen
in some cases. In such a case, a part of the phenol
compound of the general formula (2) can be replaced by a
phenol compound of the.general formula (3) to enhance

20 the storability at low temperatures.
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The phenol compound represented by the general

formula (3) includes the following compounds but is not

limited thereto:

HD"@—EH@OH- - : . CMy: (Hy ly ; oy o, cH', Hy
N o= ey
o . : QB@M oy - @ou

CH,

p——1 g :
HO@' é-‘_‘@o}«l : “1]0 R Ot CH3 CHy 4y CHy
’ o= : B CH oH
| © @ HcfH ‘*@'”“ ° D@Q

T g ¢, OR "on,
. , ' oH
: . . . ) CHs CH
Oh. O - 3
.HO-@-CHQDH @‘”'@'Du Ho%ﬁm—{’ }lon HOQCHQOH
'. . . ' © éﬂs
0t ) ?HDH CH) . @on
of .. i : .
: . ’ ) . C”, CHJ . o CHJ LCHs
: : /2
wo-d i on @D}{'-—-cﬂ H -&OH “°'@7°"Q°”.
L T 7 H C-Hj . : CH_;
- ot tHy - - s X &y ) o . . :

cHs o - Moo _HO_@_m,OH'

Ho?QéQi OH S
" \‘i\“ii‘i\“ ]
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The amount of the phenol compound (C) added is
1 to 50 parts by weight per 100 parts by weight of the
polyamide (A). When the amount is less than 1 part by
weight, no effect of incfeasing the sensitivity is
obtained, and when the amount exceeds 50 parts by
weight, the reduction of the jield of residual film
thickness becomes large or deposition is caused during
the storage under refrigeration and hence said amount is
poor in practicality.

The organosilicon compounds (D) represented by
the general formulas (8), (9) and (10) in this invention
are used for increasing the adhesion betwéen the photo-
sensitive resin and an encapsulating resin. These com-
pounds may be used alone or in admixture of two or more
kinds, and the amount of the compound (D) added is 0.1
to 20 parts by weight per 100 parts by weight of the
polyamide (A). When the amount is less than 0.1 part by
weight, no effect of enhancing the adhesion is obtained,
and when the amount exceeds 20 parts by weight, the
mechanicél strength of the film of polybenzoxazole
formed on a semiconductor element is lowered and the
stress-relaxing effect becomes small, so that the above
amounts are not desirable. |

The organosilicon compound'represented by the
general formula (8) is disclosed in USP 3,755,354 and
4,460,739 and hence is a known compound. The present
inventors have found that when this organosilicon com-~

pound is added to such a photosensitive polybenzoxazole
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precursor as shown in JP-B-1-46,862, there can be
obtained such a high adhesion to a silicon wafer as not
obtained with the conventional silane coupling agent or
the like.

The organosilicon compound represented by the
general formula (9) is described in JP-A-1-215,869 and
is a known material used as one of the starting mate-
rials for a curable composition for forming a protective
film for a transparent plate, a color filter or the
like. The present inventors have found that when this
organosilicon compound is added to such a photosensitive
polybenzoxazole precursor as shown in JP-B-1-46,862,
there can be obtained such a high adhesion to a silicon
wafer as not obtained with the conventional silane
coupling agent or the like.

The organosilicon compounds represented by the
general formulas (8) and (9) can be easily obtained by
subjecting an acid anhydride or dianhydride and a silane
coupling agent having an amino group to reaction at 20-
100°C for 30 minutes to 10 hours in an organic solvent.
The acid anhydride used includes, for example, maleic
anhydride, succinic anhydride, methyltetrahydrophthalic
anhydride, methylhexahydrophthalic anhydride, methyl-
himic anhydride, hexahydrophthalic anhydridé, tetra-
hydrophthalic anhydride, phthalic anhydride and the
like, but is not particularly limited thereto.

Examples of fhe adid dianhydride include, for

example, pyrromellitic dianhydride, benzene-1,2,3,4-tet-

IS SHEET HAS BEEN
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racarboxylic dianhydride, 3,3’,4,4'-benzophenonetetra-
carboxylic dianhydride, 2,2’,3,3’'-benzophenonetetracar-
boxylic dianhydride, 2,2,3',4’-benzophenonetetracarboxy—
lic dianhydride, naphthalene-2,3,6,7-tetracarboxylic
dianhydride, naphthalene-1,2,5,6-tetracarboxylic
dianhydride, naphthalene-1,2,4,5~-tetracarboxylic
dianhydride, naphthalene-1,4,5,8-tetracarboxylic
dianhydride, naphthalene-1,2,6,7-tetracarboxylic
dianhydride, 4 ,8-dimethyl-1,2,3,5,6,7-hexahydronaphtha-
lene-1,2,5,6-tetracarboxylic dianhydride, 4,8-dimethyl-
1,2,3,5,6,7-hexahydronaphthalene-2,3,6,7-tetracarboxylic
dianhydride, 2,6-dichloronaphthalene-1,4,5,8-tetra-
carboxylic dianhydride, 2,7-dichloronaphthalene-1,4,5,8-
tetracarboxylic dianhydride, 2,3,6,7-tetrachloronaphtha-
lene-1,4,5,8-tetracarboxylic dianhydride, 1,4,5,8-tetra-
chloronaphthalene-2,3,6,7-tetracarboxylic dianhydride,
3,3’,4,4'-diphenyltetracarboxylic dianhydride,
2,2',3,3'-diphenyltetracarboxylic dianhydride,
2,3,3’,4’-diphenyltetracarboxylic dianhydride,
3,3",4,4"-p-terphenyltetracarboxylic dianhydride,
2,2",3,3"-p-terphenyltetracarboxylié dianhydride,
2,3,3",4"-p-terphenyltetracarboxylic dianhydride, 2,2-
bis (2, 3-dicarboxyphenyl )propane dianhydride, 2,2-
bis(3,4-dicarboxyphenyl )propane dianhydride, bis(2,3-
dicarboxyphenyl)ether dianhydride, bis(3,4-dicarboxy-
phenyl )ether dianhydride, bis(2,3-dicarboxyphenyl)-
methane dianhydride,'bis(3,4-dicarboxyphenyl)methane

dianhydride, bis(2,3-dicarboxyphenyl)sulfone dianhyd-
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ride, bis(3,4-dicarboxyphenyl)sulfone dianhydride, 1,1-
bis(2,3~-dicarboxyphenyl)ethane dianhydride, 1,1-bis(3,4-
diéarboxyphenyl)ethane dianhydride, perylene-2,3,8,9-
tetracarboxylic dianhydride, perylene-3,4,9,10-tetracar-
boxylic dianhydride, perylene-4,5,10,11-tetracarboxylic
dianhydride, perylene-5,6,11,12-tetracarboxylic dianhyd-
ride, phenanthrene-1,2,7,8-tetracarboxylic dianhydride,
phenanthrene-1,2,6,7-tetracarboxylic diahhydride,
phenanthrene-1,2,9,10~-tetracarboxylic dianhydride,
pyrazine-2,3,5,6-tetracarboxylic dianhydride, |
pyrrolidine-z,3,4,5-tetracérboxylic dianhydride,
thiophene-2,3,4,5-tetracarboxylic dianhydride, 4,4'-
hexafluoroisopropylidenediphthalic dianhydride and the
like, but is not limited thereto.

Examples of the silane coupling agent having
an amino group includes y-aminopropyltrimethoxysilane,
y-aminopropyltriethoxysilane, y-aminopropylmethyl-
diethoxysiléne, y-aminoprbpylmethyldimethoxysilane, Y-
aminopropylethyldimethoxysilane, y-aminopropylethyl-
diethoxysilane, y-aminopropyldimethylmethoxysilane, y-
aminopropyldimethylethoxysilane, y-aminopropyldi-
ethylmethoxysilane, y-aminopropyldiethylethoxysilane, N-
(B-aminoethyl)-y-aminopropyltrimethoxysilane, N-(S-
aminoethyl)-y-aminopropyltriethoxysilane, N-(p-aminoeth-
yl)-y-aminopropylmethyldimethoxysilane, 4-aminobutyldi-
methylmethoxysilane and the like.

The organosilicon compound represented by the

general formula (10) iS'easilY obtained by subjecting a
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silane-coupling agent havihg an epoxy group and a tetra-
carboxylic dianhydride to reaction at a temperature of
20 to 100°C for a period of 30 minutes to 10 hours.
Examples of the acid dianhydride are the same as
mentioned for the organosilicon compound represented by
the general formula (9). Examples of the silane-
coupling agent include y-glycidoxypropyltrimethoxy-
silane, y-glycidoxypropyltriethoxysilane, y-glycidoxy-
propylmethyldimethoxysilane, y-glycidoxypropylmethyl-
diethoxysilane, y—glycidoxypropylethyldimethoxysi1ane,
y-glycidoxypropylethyldiethoxysilane, y-glycidoxypropyl-
dimethylmethoxysilane, y-glycidoxypropyldimethylethoxy-
silane, y-glycidoxypr0py1diethylmethoxysilane, Y-
glycidoxypropyldiethylethoxysilaﬁe and the like.

To the positive type photosensitive resin com-
position of this invention can be added, if necessary,
an additive such as a leveling agent, a silane-coupling
agent or the like. |

In this invention, the above-mentioned compo-
nents are dissolved in a solvent to form a varnish and
this varnish is used. As the solvent, there may.be used
alone or in admixture N-methyl-2-pyrrolidone, y-butyro-
lactone, N,N-dimethylacetamide, dimethylsulfoxide,
diethylene glycol dimethyl ether, diethylene glycol
diethyl ether, diethylene glycol dibutyl ether,
propylene glycol monomethyl ether, dipropylene glycol
monomethyl ether, propylene glycél monomethyl ether

acetate, methyl lactate, ethyl lactate, butyl lactate,
[
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methyi-1,3-butylene glycol acetate, 1,3-butylene glycol
3-monomethyl ether, methyl pyruvate, ethyl pyruvate,
methyl 3-methoxyproplonate and the like.

In the method of usihg the positive type
photosensitive resin composition of this invention,
first of all, the composition is coated on a suitable
support, for example, a silicon wafer, a ceramic plate,
an aluminum plate or the like. The coating method
includes a spin coating using a spinner, a spray coating
using a spray coater, an immersion, a printing, a roll
coating and the like. Subsequently, the resulting
support is prebaked at a temperature of 60 to 120°C to
dry the coating film and thereafter irradiated with an
actinic radiation in the form of the desired pattern.

As the actinic radiation, there can be used X ray,
electron beam, ultraviolet ray, visible ray and the
like; and, it is preferable to use an actinic radiation
having a wavelength of 200 to 500 nm. Subsequently, the.
irradiated portion is dissolved and removed using a
developer to obtain a relief pattern. As the developer,
there can suitably used an aqueous solution of an
alkali, for example, an inorganic alkali such as sodium
hydroxide, potassium hydroxide, sodium carbonate, sodium
silicate, spdium metasilicate, ammonia water or the
like; a primary amine such as ethylamine, n-propylamine
6r the like; a secondary amine such as diethylamine, di-
n-propylamine or the like; a tertiary amine such as

triethylamine, methyldiethylamine or the like; an

I
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alcoholamine such as dimethylethanolamine, triethanol- .

amine or the like; a quaternary ammonium salt such as

tetramethylammonium hydroxide, tetraethylammonium

hydroxide or the like, or there can also be used an
aqueous solution formed by adding to the above alkali
solution suitable amounts of a water~soluble organic
solvent, for example, an alcohol such as methanol,
ethanol or the like and a surfactant. As the develop-
ment method, there can be used spray, paddle, immersion,
ultrasonic wave or the like. Subsequently, the relief
pattern formed by the development is rinsed. As the
rinse, distilled water is used. Subsequently, the
rinsed pattern is heat-treated to form an oxazole ring,
thereby obtaining the final pattern rich in heat
resistance.

The positive type photosénsitive resin
composition of this invention is useful for not only
semiconductor applications_but also interlaminar insula-
tion of a multilayer circuit and also useful as a cover
coat of a flexible copper-clad laminate, a solder resist

film, a liquid crystal alignment layer or the like.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Examples are shown below to explain this

invention more specifically.
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Example 1
Synthesis of.golyamide.

In 150 parts by weight of N,N-dimethyl-
acetamide.and 33.2 parts by weight (0.420 mole) of
pyridine was dissolved 36.6 parts by weight (0.100 mole)
of 2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane.

Subsequently, 4.3 parts by weight (0.021 mole)
of isophthalic acid chloride and 17.0 parts by weight
(0.084 mole) of terephthalic acid chloride dissolved in
100 parts by weight of cyclohexanone were dropped there-
into at a temperature of -10 to -15°C over 30 minutes,
and thereafter, the resulting mixture was stifred at

room temperature for 4 hours to complete the reaction.

. The reaction mixture was filtered and then the resulting

solution was introduced into water to precipitate an
objective polyamide (Al) represented by the general for-
mula (1) in which X is a tetravalent group represented

by the formula (X-~1):

Y is a mixture of divalent groups represented by the

formulas (Y-1) and (Y-2):

@ (¥-1)
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a = 100 and b=0. The precipitates were collected by
filtration, sufficiently washed with water and

thereafter dried at 80°C under vacuum for 24 hours.

Preparation of gositive type photosensitive resin compo-
sition

In 200 parts by weight of N-methyl-2-pyrroli-
done-were dissolved 100 parts by weight of the polyamide
(Al) obtained above, 25 parts by weight of a diazo-

quinone represented by the general formula (Q1):

CH,
I _
Qo—<::j>—c 0Q
1
CHs—C—CH; (el)
0a
0 .
N:
wherein Q represents a hydrogen atom or and
' SIOz
. : 0
and 70% of a total of the Q groups is N: , and
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15 parts by weight of a phenol compound represented by

the structural formula (P-1):

OH

H

and thereafter, filtered through a 0.2-pm Teflon filter

to obtain a photosensitive resin composition.

Evaluation of characteristics

This positive type photosensitive resin compo-
sition was coated on a silicon wafer by use of a spin
coater and thereafter dried at 70°C for one hour in an
oven to obtain a coating film having a thickness of
about 3 um. This coating film was exposed to light
through a reticle by a g-line stepper exposing machine
NSR-1505G3A (a trade name of NIKON CORP.) while changing.
the exposing portion of the coating film and increasing
the exposure dose froﬁ 50 mJ/cm? to 540 mJ/cm? at a rate
of 10 mJ/cm?.

Subsequently, the exposed coating film was .
immersed in a 0.79% aqueous solution of tetramethylammo-
nium hydroxide for 30 seconds to dissolve and remove the
exposed portion and then rinsed with pure water for 30
seconds. As a result, it was confirmed that a pattern
was formed in the portion irradiated at an exposure dose

of 200 mJ/cm? or more (namely, the sensitivity was 200
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mJ/cm?). The yield of residual film thickness at this
time [(film thickness after development/film thickness
before development) x 100] was 91.3% which was a very
high value.

Moreover, separately, the same positive type
photosensitive resin composition was similarly coated on
a silicon wafer, prebaked and thereafter heated in an
oven at 150°C for 30 minutes, ét 250°C for 30 minutes and
at 350°C for 30 minutes in this order to cure the resin.

Furthermore, on the cured film,.a semiconduc-
tor-encapsulating epoxy resin composition (EME-6300H, a
trade name of Sumitomo Bakelite Co., Ltd.) was molded in
a size of 2 x 2 x 2 mm (width x length x height). Using
a tensilometer, the encapsulating epoxy resin composi-
tion molded on the cured film of a polybenzoxazole resin
was peeled away to measure the shear strength. The

result thereof was 3.2 kg/mm?.

Example 2

The same procedure as in Example 1 was
repeated, except that the phenol compound (P-1) was
replaced by a phenol compound represented by the

structural formula (P-2):

H

CH:—@OH - (P-2)
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to obtain the results shown in Table 1.
Example 3

The same procedure as in Example 1 was repeat-
ed, except that the phenol compound (P-1) was replaced

by a mixture of phenol compounds represented by the

structural formulas (P-3):

H ol '
@g——CH;-@ 54%
' H
@CH:—@—OH 45%  (P-3)

- to obtain the results shown in Table 1.

Example 4

The same proéedure as in Example 1 was repeat-
ed, except that the amount of the phenol compound (P-1)
added was changed to 5 pafts by weigﬁt, to obtain the

results shown in Table 1.
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Example 5

The same procedure as in Example 1 was
repeated, except that in the synthesis of a polyamide,
diphenyl ether-4,4’'~dicarboxylic acid chloride was
substituted for the terephthalic acid chloride and
isophthalic acid chloride to prepare a polyamide (A2)
represented by the general formula (1) wherein X is a
tetravalent grou§ represented by theyabove—ﬁentioned
formula (X-1), Y is a divalent group represented by the

formula (Y-3):

@O@ | : (¥-3)

a = 100 and b = 0 to obtain the results shown in Table

1.

Example 6

The same procedure as in Example 1 was
repeated, except that in the synthesis of a polyamide,
diphenyl ether-4,4’'-dicarboxylic acid chloride was
substituted for the terephthalic acid chloride and
isophthalic acid chloride and 3,3’'-diamino-4,4'-
dihydroxydiphenylsulfone was substituted for the 2,2-
bis(3-amino-4-hydroxyphenyl Jhexafluoropropane to prepare
a pblyamide (A3) represented by the general formula (1)
wherein X is a tetravalent group represented by the

formula (X-2):
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¢)
I |
ﬁ (X-2)

Y is a divalent group represented by the above-mentioned
formula (Y-3), a = 100 and b = 0, to obtain the results

shown in Table 1.

Example 7

The same procedure as in Example 1 was
repeéted, except that in the synthesis of a_polyamide,
diphenyl ether-4,4’-dicarboxylic acid chloride was
substituted for the terephthalic acid chloride and
isophthalic acid chloride and 3,3’~diamino-4,4’'-
dihydroxydiphenyl ether was substituted for the 2,2-
bis(3-amino-4-hydroxyphenyl )hexafluoropropane to prepare
a polyamide (A4) represented by the general formula (1)
wherein X is a tetravalent group represented by the

formula (X-3):

oG

Y is a divalent group represented by the above-mentioned
formula (Y-3), a = 100 and b = 0, and that the diazo-

guinone (Ql) was replaced by a diazoguinone represented
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by the general formula (Q2):

CH,
l
' ' (Q2)
oQ
0]
{ N:
wherein Q represents a hydrogen atom or '
S0:
l0
N

and 70% of a total of the Q groupé is

" to obtain the results shown in Table 1.

Example 8

The same procedure as in Example 1 was repeat-
ed, except that in the synthesis of a polyamide, the
amount of the 2,2-bis(3-amino-4-hydroxyphenyl )hexa-
fluoropropane was reduced to 34.8 parts by weight (0.095
mble) and instead thereof 1.24 parts by weight (0.005
mole).of 1,3-bis(3-aminopropyl)-1,1,3,3-tetramethyl-
disiloxane was added, to synthesize a polyamide (A5)

represented by the general formula (1) wherein X is a

tetravalent group represented by the above-mentioned

formula (X~1), Y is a mixture of divalent groups repre-
sented by the above-mentioned formulas (Y-1) and (Y-2),

Z is a divalent group represented by the formula (%-1):
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CH, CH,
"(-CHzm)5~81 = 0 = 85 ~(~Ch)y- (2-1)
CH, CH,

a =95 and b = 5, to obtain the results shown in Table

1.

Comparative Example 1
The same procedure as in Example 1 was repeat-
ed, except that the phenol compound was not added, to

obtain the results shown in Table 1.

Comparative Example 2
The same procedure as in Example 5 was repeat-
ed, except that the phenol compound was not added, to

obtain the results shown in Table 1.

Comparative Example 3
The same procedure as in Example 6 was repeat-
ed, except that the phenol compound was not added, to

obtain the results shown in Table 1.

Comparative Example 4

The same procedure as in Example 1 was repeat-
ed, except that the amount of the phenol compound added
was decreased to 0.5 part by weight, to obtain the

results shown in Table 1.
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Comparative Example 5
The same procedure as in Example 1 was repeat-
ed, except that the émount of the phenol compound added
was increased to 60 parts by weight, to obtaiﬁ the re-

sults shown in Table 1.

Comparative Example 6

The same procedure as in Example 1 was répeat—

- ed, except that the phenol compound was replaced by a

phenol compound represented by the structural formula

(P-4): ' CHs

0 {OH-O)

OH

to dbtain the results shown in Table 1.

Comparative Example 7

The same procedure as in Example 1 was repeat-
ed, except that the phenol compound was replaced by a
phenol compound represented by the structural formula

(P-5):

HOCHz.—@‘CHz —@"OH (P-5)



- 40 -

to obtain the results shown in Table 1.

Comparative Example 8
The same procedure as in Example 1 was repeat-
ed, except that the phenol compound was replaced by a

5 phenol compound represented by the structural formula

(P-6):

Hoo-@—ou- - (P-6)

to obtain the results shown in Table 1.
The results of Examples 1-8 and Comparative

10 Examples 1-8 are summarized in the following Table 1.
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Table 1
Sensitivity Yield of Shear
residual film strength
- thickness
(mJ/cm?) (%) (kg/mm?)

1 200 91.3 3.2

2 160 86.5 3.2
3 170 90.7 3.3 |
4 280 92.0 2.9 |

Example

5 240 94.2 3.5 "
t
6 270 97.9 3.6 |

7 180 86.0 3.1

8 250 94.3 3.2

1 300 91.6 2.4

2 370 30.9 2.6

3 390 94.6 2.7

Compara-

tive 4 290 91.4 2.5 |

Example | 5 150 60.6 1.9
* 6 320 92.5 3.0 j

7 390 97.8 2.9

“ 8 200 70.7 3.0
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Example 9

Preparation of positive type photosensitive resin compo-
sition |

In 200 parts by weight of N-methyl-2-pyrroli-
done were dissolved 100 parts by weight of the polyimide
(Al) synthesized in Example 1, 25 parts by weight of a
diazoquinone represented by the above-mentioned structu-
ral formula (Ql) and 5 parts by weight. of an organo-

silicon compound represented by the structural formula

(S-1):

(C,H;0)3SiC;H,NHCO-CH=CHCOOH  (S-1)

and the solution was filtered through a 0.2-um Teflon

filter to prepare a photosensitive resin composition.

Evaluation of characteristics

This photosensitive resin composition in the
form of a varnish was coated on a silicon wafer using a
spin coater, and thereafter, dried at 70°C for one hour
in an oven to obtain a coating film having a thickness
of about 6 ym. This coating film was irradiated with an
ultraviolet ray from a high pressure mércury vapor lamp
through a mask manufactured by TOPPAN PRINTING CO., LTD.
(test chart No. 1, on which line and space of 50-0.88 um
in width were drawn), then immersed in a 0.79% aqueous
solution of tetramethylammonium hydroxide for 60 seconds

to dissolve and remove the exposed portion and there-
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after washed with pure water for 30 seconds (rinse) to
remove the developer. . Aa a result, it was confirmed
that an image cérresponding to the removing pattern of 5
um in width was fo:med on the siiicon wafer. The film
thickness after the development at this time was 5.1 um
and the yield of residual film thickness [kfilm thick-
ness after development/film thickness before develop-
ment) x 100] was 85.0%.

Moreover, separately, the same photosensitive
resin cémposition varnish was coated on a silicon wafer
in the same manner, prebaked and then heated in an oven
at 150°C for 30 minutes, a{: 250°C for 30 minutes and at
350°C for 30 minutes in this order to cure the resin.
The coating film obtained was cfoss-cut inll-mm width to
form 100 squares, and a Cellophane tape was applied to
the coating film and then peeled off in order to remove
the coating film squares from the silicon wafer. The.
number of the coating film squares removed (referred to
hereinafter as the number of peeled squares after
curing) was 0, from which it was confirmed that also the
adhesion of the cured film to the wafer was excellent.

Furthermore, the silicon wafer was subjected
to pressure cooker treatment (PCT) at 125°C at 2.3 atm

for 100 hours and thereafter, a Cellophane tape was

.applied thereto and peeled off in the same manner as

above to evaluate the adhesion. The number of the
coating film squares removed (referred to hereinafter as

the number of peeled squares after high temperature-high
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humidity treatment) was 0, from which it was confirmed
that the adhesion after high temperature-high humidity

treatment was excellent.

Example 10

The same procedure as in Example 9 was repeat-
ed, except that the organosilicon compound was replaced
by a compound represented by the structural formula (S-

2):s
(CH;0)3;S1C3H,NHCO-CH=CHCOOH (8-2)

to obtain the results shown in Table 2.

Example 11

The same procedure as in Example 9 was repeat-
ed, except that the organosilicon compound was replaced
by a compound represented by the structural formula (S-

3):

CH,

l
(CH,0) ;51 C;HsNHC,H,NHCO-CH=CHCOOH (S-3)

to obtain the results shown in Table 2.
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Example 12
The same procedure as in Example 9 was repeat-
ed, except that the amount of the organosilicon compound
(S-1) added was changed to 1 part by weight, to obtain

the results_shown in Table 2.

Example 13

The same procedure as in Example 9 was repeat-
ed, except that the polyamide was replaced by the
polyamide (A2) synthesized in Example 5, to obtain the

results shown in Table 2.

Example 14

The same procedure as in Example 9 was repeat-
ed, except that the polyamide was replaced by the
polyamide (A3) synthesized in Example 6, to obtain the

results shown in Table 2.

Example 15

The same procedure as in Example 9 was repeat-
ed, except that the polyamide was replaced by the |
polyamide (A4) synthesized in Example 7 and the diazo-
quinone was replaced by a diazoquinone represented by
the above-mentioned general formula (Q2), to obtain the

results shown in Table 2.

Example 16

The same procedure as in Example 9 was repeat-
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‘ed, except that the polyamide was replaced by the

polyamide (AS5) synthesized in Example 8} to obtain the

results shown in Table 2.

Comparative Example 9
The same procedﬁre as in Example 9 was repeat-
ed, except that the organosilicon compound was not

added, to obtain the results shown in Table 2.

Comparative Example 10
The same procedure as in Example 13 was
repeated, except that the organosilicon compound was not

added, to obtain the results shown in Table 2.

Comparative Example 11
The same procedure as in Example 14 was
repeated, except that the organosilicon compound was not’

added, to obtain the results shown in Table 2.

Comparative Example 12

The same procedure as in Example 9 was repeat-
ed, except that the amount of the organosilicon compound
added was reduced to 0.05 part by weight, to obﬁain the

results shown in Table 2.

Comparative Example 13
The same procedure as in Example 9 was repeat-

ed, except that the amount of the organosilicon compound
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added was increased to 50 parts by weight, to obtain the

results shown in Table 2.

Comparative Example 14

The same procedure as in Example 9 was repeat-
ed, except that the organosilicon compound was replaced
by an organosilicon compound represented by the struc-

tural formula (S-4):

CH, - CHCH,0C,H SI(OCH;), (S-4)

N/
o
to obtain the results shown in Table 2.

Comparative Example 15

The same procedure as in Example 9 was repeat-
ed, except that the organosilicon compound was replaced
by an organosilicon compound répresented by the struc-

tural formula (S-5):

CH,
CH,=C-C-O-C,H(Si(OCH;); (S-5)

0]

to obtain the results shown in Table 2.
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Comparative Example 16

The same procedure as in Example 9 was repeat-
'ed, except that the organosilicon compound was replaced
by an organosilicon compound represented by the

structural formula (S-6):
( C2H50 ) 3SiC3H6-NH2 ( S—5 )
to obtain the results shown in Table 2.

The results of Examples 9-16 and Comparative

Examples 9-16 are summarized in the following Table 2.



Table 2

Resolution Yielf of Adhesion
(pm) residual (No. of peeled squares)
film thickness . ] ]
(%) After curing After high temp.-high
humidity treatment
9 5 85.0 0 0
10 6 86.7 0 0
11 6 84.0 0 0
- Example 12 5 87.3 0 0
13 8 93.9 0 0 "
14 8 88.7 0 0 “
15 6 91.0 0 0
16 8 89.5 0 0
9 5 88.0 100 100
10 6 89.4 100 100
Compara- | 13 6 90.0 100 100
tive
Example 12 6 88.2 45 100
13 20 32.1 0 0
14 15 96.0 2 100
15 6 87.3 100 100
16

Since varnish was discolored, evaluation was impossible,
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Example 17
Preparation of gositive type photosensitive resin compo-
sition

In 200 parts by weight of N-methyl-2-pyrroli-
done were dissolved 100 parts by weight of the polyamide
(Al) synthesizéd in BExample 1, 25 parts by weight of a
diazoquinone represented by the above-mentioned structu-
ral formula (Ql) and 6 parts by weight of an organo-
silicon compound represented by the structural formula

(S-7):

. HooC COOH
(CaH50)sSi~ CsHs~N—C @o @ﬁ-lﬁ—cm—s«cmm)s (S-7)
[ .

HO OH

and then filtered through a 0.2-um Teflon filter to

obtain a photosensitive resin composition.

Evaluation of characteristics

This photosensitive resin composition in the
form of a varnish was coated on a silicon wafer using a
spin coater, and thereafter, dried at 70°C for one hour
in an oven to obtain a coating film having a thickness
of about 6 um. This coating film was irradiated with an
ultraviolet ray from a high pressure mercury vapor lamp
through a mask manufactured by TOPPAN PRINTING CO., LTD.

(test chart No. 1, on which line and space of 50-0.88 um
e
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in width were drawn), then immersed in a 0.79% agueous
solution of tetramethylammonium hydroxide for 60 seconds
to dissolve and remove the exposed portion and there-
after washed with'pure water for'30 seconds (rinse) to
remove the developer. Aa a result, it was confirmed
that an image corresponding to the 5-um removing pattern
was formed on the silicon wafer. The film thickness
after the development at this time was 4.99 um and the
vield of residual film thickness [(film thickness after
development/film thickness before development) x 100]
was 83.1%.

Moreover, separafely, the same.photosensitive
resin composition varnish was coated on a silicon wafer
in the same manner, prebaked and then heated in an oven
at 150°C for 30 minutes, at 250°C for 30 minutes and at
350°C for 30 ﬁinutes in this order to cure the resin.
The coating film obtained was cross-cut in l-mm width to
form 100 squares, and a Cellophane tape was applied to
the coating film and then peeled off in order to remove
the coating film squares from the silicon wafer. The
number of the coating film squares removed (referred to
hereinafter as the number of peeled squares after
curing) was O, froﬁ which it was confirmed that also the.
adhesion of the cured film to the wafer was excellent.

Furthermore, the silicon wafer was subjected
to pressure cooker treatment (PCT) at 125°C at 2.3 atm

for 100 hours and thereafter, a Cellophane tape was

P
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applied thereto and peeled off in the same manner as
above to evaluate the. adhesion. Thé number of the
coating film squares removed (referred to hereinafter as
the number of peeled squares after high temperature-~high
humidity treatment) was 0, from which it was confirmed
that also the adhesion after high temperature-high
humidity treatment was excellent. In addition, when the
above photosensitive resin composition varnish was
stored in a refrigerator at -20°C for 30 days, deposits
and the like were not éeen, from which it was confirmed
that the photosensitive resin composition varnish had é

good storability.

Example 18

The same procedure as in Example 17 was
repeated, except that the organosilicon compound was
replaced by a organosilicon compound represented by the

structural formula (S-8):
HoOC COOH |
(C2HsO)sSi- GsHs—N—C@ @ -I*'l ~CsHs-Si(C2HsO)s (S-8)

to obtain the results shown in Table 3.

Example 19

The same procedure as in Example 17 was
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repeated, except that the organosilicon compound was
replaced by a organosilicon compound represented by the

structural formula (S-9):

HOOC COOH
(C:HsO 1Si- CaHs-N— ‘@ “‘C“N“CT’H“S’(C’HSO % (5-9)

to obtain the results shown in Table 3.

Example 20

The same procedure as in Example 17 was
repeated, except that the organosilicon compound was
replaced by a organosilicon compound repreéented by the

structural formula (S-10):

HOOC ﬁ-];i— CaHs ~Si{CH30)s
° " (8-10)

_ (CH:O):Si-CsHs-;l;I-E'J "COOH
HO

to obtain thé results shown in Table 3.

Example 21
The same procedure as in Example 17 was
repeated, except that the amount of the organosilicon

compound (S-7) added was changed to 2 parts by weight,



10

15

20

- 54 -

to obtain the results shown in Table 3.

~Example 22

The same procedure as in Example 17 was
repeated, except that the polyamide was replaced by the
polyamide (A2) synthesized in Example 5, to obtain the

results shown in Table 3.

Example 23

The same procedure as in Example 17 was
repeated, except that.the polyamide was replaced by the
polyamide (A3) synthesized in Example 6, to obtain the

results shown in Table 3.

Example 24

The same procedure as in Example 17 was
repeated, except that the polyamide was replaced by the
polyamide (A4) synthesized in Example 7 and the diazo-
quinone was replaced by a diazogquinone repreéented by
the above-mentioned structural formula (Q2), to obtain

the results shown in Table 3.

Example 25

The same procedure as in Example 17 was

' repeated, except that the polyamide was replaced by the

polyamide (A5) SYnthesized in Example 8, to obtain the

results shown in Table 3.
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Comparative Example 17

The same procedure as in Example 17 was
repeated, éxcept_that the organosilicon compound was not

added, to obtain the results shown in Table 3.

Comparative Ezample 18
The same procedure as in Example 22 was
repeated, except that the organosilicon compound was not

added, to obtain the results shown in Table 3.

Comparative Example 19
The same procedure as in Example 23 was
repeated, except that the organosilicon compound was not

added, to obtain the results shown in Table 3.

Comparative Example 20

| The same procedure as in Example 17 was
repeated, except that the amount of the organosilicon
compound added was reduced to 0.05 part by weight, to

obtain the results shown in Table 3.

Comparative Example 21

The same procedure as in Example 17 was
repeated, except that the amount of the organosilicon
compound was increased to 50 parts by weight, to obtain

the results shown in Table 3.
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Comparative Example 22

The same procedure as in Example 17 was
repeated, except that the organosilicon compound was
replaced by an organosilicon compound represented by the

structural formula (S-11):

CH, - CHCH,OC;HSi(OCH;)s - (S-11)

AN

0
to obtain the results shown in Table 3.

Comparative Example 23

The same procedure as in Example 17 was
repeated, except that the organosilicon compound was
replaced by an organosilicon compound represented by the

structural formula (S-12):

CH,
|

CHZ:C-(II:—O_CSHGSJ: ( OCH3 )3 ( S-12 )

0
to obtain the results shown in Table 3.

Comparative Example 24

The same procedure as in Example 17 was
repeated, except that the organosilicon Compound was
replaced by an organbsilicon compound represented by the

structural formula (S-13):
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(C,Hs0)3SiCsHs~NH, (S-13)

to obtain the results shown in Table 3.
The results of Examples 17-25 and Comparative

Examples 17-24 are summarized in Table 3.



Table 3

Resolution Yield of Adhesion (No. of peeled squares) Days until F
residual _ deposits
(um) film thickness After After high temp.-high | were caused
(%) curing humidity treatment (day)
17 5 83.1 0 0 >30
18 5 82.9 0 0 3
19 7 81.3 0 0 .20
20 6 84.5 0 0 15
Example 21 5 -87.7 0 0 >30
22 7 90.2 0 0 >30
23 9 80.0 0 0 >30
24 7 88.1 0 0 >30
25 7 87.9 0 -0 >30
17 5 88.0 100 100 >30
18 6 89.4 100 100 >30
Compara- 19 6 90.6 100 .100 >30
tive 20 5 87.5 45 100 >30
Example 5 20 49.1 0 0 20
22 15 96.0 2 100 >30
23 6 87.3 100 100 >30
24 Since varnish was discolored, evéluaﬁigp was impossiEle.

- 89 -
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Example 26

' In the same procedure as in Example 1, the
synthesis of a polyamide, the preparation of a positive
type photosensitive fesih compositionland the evaluation
of characteristics (sensitivity, yield of residual film
thickness and shear strength) were conducted.

Subsequently, the positive type photosensitive

resin compositibn obtained above was coated on an ele-
ment wafer provided with an aluminum circuit on its
surface so that the final film thickness became 5 um,
then subjected to pattern processing and finally baked.
Subsequently, the product was divided into every chip
size and mounted on a lead frame for 16-pin DIP (dual
inline package) with an electroconductive paste and then
encapsulated with a semiconductor-encapsulating epoxy
resin (EME-6300H, a trade name of Sumitomo Bakelite Co.,
Ltd.) to obtain a 16-pin DIP. The package was treated
under the conditions of 85°C/85% humidity for 168 hours,
and then immersed in a solder bath at 260°C for 10
seconds and thereafter subjected to pressﬁre cooker
treatment at a high temperature at a high humidity
(125°C, 2.3 atm, 100% RH), after which the failure of
opening 6f the aluminum circuit was checked. The

results obtained are shown in Table 4.

Examples 27 to 33

The same procedure as in Example 26 was

repeated, except that the positive type photosensitive

THIS SHEET HAS BEEN'
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resin composition was replaced by those shown in Table 4

to obtain the results shown in Table 4.

Comparative Example 25

The same procedure as in Example 26 was
repeated, except that the polybenzoxazole resin was not
coated on the element surface in the evaluation of
reliability of semiconductor devicé, to obtain the

results shown in Table 4.

Comparative Example 26

In the evaluation of resin characteristics in
Example 26, the pattern processing was conducted in a
film thickness of 30 um. As a result,_even in an expo-

sure dose of 1,000 mJ/cm?, the resin remained in the

- exposed portion after the development and patterning was

~ impossible.

Comparativé Example 27

The same procedure as in Example 26 was
repeated, exdept that.the positive type photosensitive
resin composition was replaced by the positive tYpe
photosensitive resin composition obtained in Comparative

Example 1, to obtain the results shown in Table 4.

Comparative Example 28
The same procedure as in Example 30 was

repeated, except that the phenol compound was not added,

FTS-GHEET HAS BEEN |
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to obtain the results shown in Table 4.

Comparative Example 29
The same procedure as in Example 31 was
repeatéd, except that the phenol compound was not added,

to obtain the results shown in Table 4.

Comparative Example 30

The same procedure as in Example 26 was re-
peated, except that the amount of the phenol compound
added was reduced to 0.5 part by weight, to obtain the

results shown in Table 4.

Comparative Example 31

The same procedure as in Example 26 was
repeated, éxcept that the amount of the phenol compound
added was increased to 60 parts by weight, to obtain the

results shown in Table 4.

Comparative Example 32

The same procedure as in Example 26 was
repeated, except that the phenol compound was replaced
by a phenol compound represeﬁted by the above-mentioned
structural formula (P-4), to obtain the results shown in

Table 4.

Comparative Example 33

The same procedure as in Example 26 was
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repeated, except that the phenol compound was replaced
by a phenol compound represented by the above-mentioned
structural formula (P-5), to obtéin the results shown in

Table 4.

Comparative Example 34

The same procedure as in Example 26 was
repeated, except that the phenol compound was replaced
by a phenol compound represented by the above-mentioned
structural formula (P-6) to obtain the results shown in
Table 4.

The results of Exmples 26-33 and Comparative

Examples 25-34 are summarized in the following Table 4.



Table 4

e e e e e e e ————— e e ——
T s eSS

Photosensi- Sensi~ Yield of Shear Reliability of
tijg tivitX res%dual strenggh semiconductor device
resin (mJ/cm®) film (kg/mn*) | (No. of failures/20 packages)
composition thifﬁ?ess PCT 500 hr PCT 1000 hr
26 | Example 1 200 92.0 3.4 | 0/20 0/20 |
Example 27 Example 2 200 88.4 3.3 0/20 0/20 “
28 | Example 3 180 92.4 3.2 0/20 0/20 "
29 | Example 4 280 91.6 3.5 0/20 0/20 "
30 | Example 5 220 ~ 93.8 3.6 0/20 0/20
31 | Example 6 260 95.7 3.5 0/20 0/20
32 | Example 7 200 89.1 3.3 - 0/20 0/20
33 Example 8 260 94.7 3.5 0/20 0/20
25 | - - 1.5 2/20 8/20
26 - - - - -
Compara- 27 380 92.2 2.2 1/20 2/20
tive 28 410 90.9 2.7 0/20 0/20
Example 109 440 95.3 3.0 . 0/20 0/20
30 340 92.6 2.6 0/20 1/20
31 | 150 56.3 1.6 5/20 12/20
32 |- 360 92.8 3.1 0/20 0/20
33 420 96.8 3.0 0/20 0/20
34 220 72.8 3.2 0/20 1/20
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Example 34

Preparation of Qositive type photosensitive resin compo-

sition

In 200 parts by weight of N-methylpyrrolidone
were dissolved 100 parts by weight of the polyamide (Al)
synthesized in Exémple 1, 25 parts by weight of a diazo-
qﬁinone represented by the.above—mentioned structural
formula (Q1), 15 parts by weight of a phencl compound
represented by the above-mentioned structural formula
(P-1), 2.0 patts by weight of an organosiiicon compound
represented by the above-mentioned structural formula
(S-1) obtained by reacting y-aminopropyltriethoxysilane
with maleic anhydride and 1.0 part by weight of an
organosilicon compound represented by the above-

mentioned structural formula (S-8) obtained by reacting

y-aminopropyltriethoxysilane with 3,3’,4,4’-benzop-

henonetetracarboxylic dianhydride, and thereafter,
filtered through a 0.2-pm Teflon filter to obtain a

photosensitive resin composition.

Evaluation of charactéristics

This bositive type photosensitive resin compo-
sition was coated on a silicon wafer by use of a spin
coater and thereafter dried at 70°C for one hour in an
oven to obtain a coating film having a thickness of
about 5 um. This coating film was exposed to light
through a reticle by a g-line stepper exposing machine

NSR-~1505G3A (a trade name of NIKON CORP.) while changing

his Sheet Has Been Replaced -
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the exposing portion of the coating film and increasing
the exposure dosé from 50 mJ/cm® to 540 mJ/cm® at a rate
of 10 mJ/émz.

Subsequently, the exposed coating film was
immersed in a 0.79% aqueous solution of tetramethylammé-
nium hydroxide for 30 seconds to dissolve and remove the
exposed portion and then rinsed with pure water for 30
seconds. As a result, it was confirmed that a pattexrn
was formed in the portion irradiated at an exposure dose
of 200 mJ/cm? or more (namely, the sensitivity was 200
mJ/cm?). The yield of residual film thickness at this
time [ (film thickness after development/film thickness
before development) x 100] was 91.3% which was a very
high value. .

Moreover, separately, the same positive type
photosénsitive resin composition was similarly coated on
a silicon wafer, prébaked and thereafter heated.in an
oven at 150°C for 30 minutes, at 250°C for 30 minutes and
at 350°C for 30 minutes in this order to cure the resin.

Furthermore, on the cured film, a semi-
conductor-encapsulating epoxy resin composition (EME-~
6300H, a trade name of Sumitomo Békelite Co., Ltd.) was
molded in a size of 2 x 2 x 2 mm (width x length x
height). Using a tensilbmeter, the encapsulating epoxy
resin composition molded on the cured film of a
polybenzoxazole resin was peeled to measure the shear
strength. The result thereof was 4.5 kg/mm?.

Subsequently, the above positive type
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photosensitive resin coﬁposition was coated on an
element wafer provided with an aluminum circuit on its
surface so that the final film thickness became 5 um,
then subjected to pattern processing and finally baked.
Subsequently, the product was divided into every chip
size and mounted on a lead frame for 16-pin DIP (dual
inline package) with an electroconductive paste and then
encapsulated with a semiconductor-encapsulating epoxy
resin (EME-6300H, a trade name of Sumitomo Bakelite Co.,
Ltd.) to obtain a 16-pin DIP. The package was treated
under the conditions of 85°C/85% humidity for 168 hours,
and then immersed in a solder bath at 260°C for 10
seconds and thereafter subjected to pressure cooker
treatment at a high temperature at a high humidity

(125°C, 2.3 atm, 100% RH), after which the failure of

. opening of the aluminum circuit was checked. The

results obtained are shown in Table 5.

Example 35

The same procedure as in Example 34 was
repeated, except that the phenol compound was replaced
by a phenol compound represented by the above-mentioned
structural formula (P-2), to obtain the results shown in

Table 5.

Example 36
The same procedure as in Example 34 was

repeated, except that the phenol compound was replaced
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by a phenol compound represented by the above-mentioned
structural formula (P-3), to obtain the results shown in

Table 5.

Example 37

The same procedure as in Example 34 was
repeated, except that the amount of the phenol compound
(P-1) added was éhanged to 5 parts by weight, to obtain

the results shown in Table 5.

Example 38

The same procedure as in Example 34 was
repeated, except that the polyamide (Al) was replaced by
the polyamide (A2) synthesized in Example 5, to obtain

the results shown in Table 5.

Example 39

The same procedure as in Example 34 was
repeated, except that the polyamide (Al) was replaced by
the polyamide (A3) synthesized in Example 6 and the
organosilicon compound was replaced by an organosilicon
compound represented by the above-mentioned structural
formula (S-7) obtained by reacting y-aminopropyl-
triethoxysilane wifh 3,3',4,4’-oxydiphthalic

dianhydride, to obtain the results shown in Table 5.

Example 40

The same procedure as in Example 34 was



10

15

- 68 -
repeated, except that the polyamide (Al) was replaced by
the polyamide (A4) synthesized in Example 7, the diazo-
quinone was replacéd by a diazoquinone represented by
the above-mentioned structural formula (Q2) and the
organosilicon compound was replaced by 1.0 part by
weight of an organosilicon compound represented by'the
structural formula (S-1) obtained by reacting y-
aminopropyltriethoxysilane with maleic anhydride, 0.5
part by weight of an organosilicon compound represented
by the above-mentioned structural formula (S-7) obtained.
by reacting y-aminopropyltriethoxysilane with 3,37,4,4'-
oxydiphthalic dianhydride and 0.5 part by weight of an
organosilicon compound represented by the structural

formula (S~14):

O O
!

i _
(CH10) 5—Si~(CHz) a- CH-CH;-_O- C C~0-CHz~ CH-(CHz) s-Si—(0CH4) s

b JOIIQL o

HOOC CO0H

(S-14)

obtained by reacting y-glycidoxypropyltrimethoxysilane
with 3,3’,4,4'~-benzophenonetetracarboxylic dianhydride,

to obtain the results shown in Table 5.
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Example 41
The same procedure as in Example 34 was
repeated; except that the polyamide (Al) was replaced by
the polyamide (A5) synthesized in Example 8, to obtain

the results shown in Table 5.

Example 42
The same procedure as in Example 34 was
repeated, except that the phenol compound was not added,

to obtain the :esults shown in Table 5.

Example 43
The same procedure as in Example 38 was re;
peated, except that the phenol compound was not added,

to obtain'the results shown in Table 5.

Example 44
The same procedure as in Example 39 was
repeated, except that the phenol compound was not added,

to obtain the results shown in Table 5. .

Comparative Example 35

The same procedure for the evaluation of
characteristics as inlExample 34 was repeated, except
that the polybenzoxazole resin was not coated on the

element surface, to obtain the results shown in Table 5.
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Comparative Example 36

.In the evaluation of the resin characteristics
in Example 34, a coating film having a thickness of 30
um was patterned. However, even in an exposure dose of
1,000 mJ/cm?, the resin remained in the exposed portion

after the development and the patterning was impossible.

Comparative Example 37

The same procedure as in Example 34 was
repeated, except that the amount of‘the phenol compound
added was increased to 60 parts by weight, to obtain the

results shown in Table 5.

Comparative Example 38

The same procedure as in Examble 34 was
repeated, except that.the amount of the organosilicon
compound represented by the above-mentioned structural
formula (S-1) obtained by reactihg y-aminopropyltri-
ethoxysilane with maleic anhydride was increased to 15.0
parts by weight, and the amount of the organosilicon
compound represented by the above-mentioned structural
formula (S-8) obtained by reacting y-aminopropyl-
triethoxysilane with 3,3',4,4'-benzophenonetetra-.
carboxylic dianhydride was increased to 10.0 parts by

weight, to obtain the results shown in Table 5.

Comparative Example 39

The same procedure as in Example 34 was
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repeated, exceépt that the phenol compound was replaced
by a phenol compound represented by the above-mentioned
structural formula (P-4), to obtain the results shown in

Table 5.

Comparative Example 40

The same procedure as in Example 34 was
repeated, except that the phenol compound was replaced
by a phenol compound represented by the above-mentioned
structural formula (P-5) to obtain the results shown in
Table 5.

The results of Examples 34-44 and Comparative

Examples 35-40 are summarized in the following Table 5.



Table 5

_ Sensitivity Yield of Shear Reliability of semiconductor
residual strength device
(mJ/cm?) film (No. -of failures/20 packages)
thi‘(’?;‘;ess (kg/mu’) PCT 500 hr PCT 1000 hr
34 200 92.0 3.4 0/20 0/20
35 190 88.4 0/20 1/20
36 180 92.4 0/20 0/20
37 250 91.6 . 0/20 0/20
38 200 93.8 . 0/20 0/20
Example | 39 230 95.7 0/20 0/20
40 180 89.1 0/20 0/20
41 220 94.7 0/20 0/20
42 320 93.6 . 0/20 1/20
43 330 95.1 0/20 0/20
44 320 95.2 0/20 0/20
35 - - . . 1/20 10/20
Compara- 36 - = - = -
E}l‘gﬁple 37 140 43.0 .2 6/20 15/20
38 200 86.0 . 7/20 13/20
39 400 94.0 0/20 0/20
40 250 73.0____ 1/20 ===13/20
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As clear from the above-mentioned Examples,
according to this.invention, there is obtained a
positive type photosensitive resin composition which is

excellent in adhesion to an encapsulating resin and a

- substrate, which has a high sensitivity and which can

give a pattern with a high yield of residual film

. thickness, and there is also obtained a semiconductor

device having a high reliability in which a pattern of a
polybenzoxazole resin has been formed with a high yield
of residual film thickness on a semiconductor element

using the positive type photosensitive resin composition

. excellent in adhesion to an encapsulating resin.



—_—

N This Sheet Has Been Re, laced
. AR

WHAT IS CLAIMED IS: -

1. A positive type photosensitive resin composi-

tion, which comprises:

(A) 100 parts by weight of a polyamide represented by

the general formula (1):

OH O 0 o 0

l | | | |
NH - T ~NH -C-Y~-C+—NH -2 ~NH-C -Y - C¥z

OH

(L)

wherein X represents a tetravalent aromatic group; Y
represents a divalent aromatic group; Z represents a

divalent group represented by the formula:

Rs R;

"R]_"Si"O‘Si‘Rz-

R, R,

in which R, and R, represent divalent organic groups and
R; and R, represent monovalent organic groups; a and b
represent molar fractions; a + b = 100 mole %; a =

60.0 - 100.0 mole %; b = 0 - 40.0 mole %; and n

represents an integer of 2 to 500,
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(B) 1 to 100 parts by weight of a photosensitive diazo-
quinone compound and
(C) 1 to 50 parts by weight of at least one member
selected from the group consisting of phenol compounds

represented by the general formulas (2) and (3):

Ry Ry
Rs
HO | OH
C
' (2)
Re
Rg Rio

wherein R; and Ry represent hydrogen atoms or alkyl

groups; and each of R;, Rys, Ry and R;, represents a hydro-

gen atom, a hydroxyl group or an alkyl group,

OH
R% R? R3
HO
C - R! (3)
R RS R’
OH

‘wherein R' represents a hydrogen atom or an alkyl group;
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and each of R?, R}, R*, R%, R® and R’ represents a
hydrogen atoﬁ, a halogen atom, a hydroxyl group, an
alkyl group or an alicyclic group.

2. The positive type photosensitive resin
composition accordiﬁg to Claim 1, wherein the phenol
compound (C) is at least one member selected from the
group coneisting of phenol compounds represented by the

structural formulas (4) and (5):

HO OH
Qe w
HOCH—@—OH (5)

NY
OH

3. The positive type photosensitive resin
cdﬁposition according to.Claim 2, wherein the phenol
compound (C) comprises phenol compounds represented by
the structural formulas (6) and (7) alone or in admix-
ture in a proportion of at least 50% by weight of the

total weight of the phenol compounds (C):

H ..
Sl w

THIS SHEET HAS BEEN'
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4. A positive type photosensitive resin composi-

tion which comprises:

(A) 100 parts by weight of. a polyamide represented by |
the generai formula (1) defined in Claim 1,

(B) 1 to 100 parts by weight of a photosensitive diazo-
quinone compound, and

(D) 0.1 to 20 parts by weight of at least one member
selected from the group consisting of organosilicon com-

pounds represented by the general formulas (8), (9) and

(10):

(R7),
(Rg ) 3- :'Sl'CHz'CHz-Rs-N-C-Rg,—C -OH (8)

HO

wherein Rs; represents a divalent organic group; Rs repre-
sents a divalent organic group; R; and R; may be the same
as or different from each other and each represents a

monovalent organic group; and ¢ represents an integer of

0, 1 or 2,
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(R7)4 - H ﬁ 0
I |
( RsO) 3-¢ "'Sj. - CH2CH2 - R6 - N - C C

- OH
R;s (R7),
HO - C  C-N-R¢~CH,CH,-Si-(ORg)s.,

I
0

O H

(9)

wherein R; represents a tetravalent aromatic group; R
represents a divalent organic group; R; and Rg may be the
same as or different from each other and each represents

a monovalent organic group; and { represents an integer

of 0, 1 or 2, and

(Ri7)4
(R1s0) 324 -éi-Rls-CH-CHz-O-
(IJH R;s (Ry7)e
HO-C  C-0-CH,~CH-Rs~Si-(ORys)a,

o) o) OH

(10)

wherein R,; represents a tetravalent aromatic group; Ry,
represents a divalent organic group; R;; and R;; may be
the same as or different from each other and each

represents a monovalent organic group; and ¢ represents

an integer of 0, 1 or 2.
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5. The positive type photosensitive resin

composition according to Claim 4, wherein R; in the
general formula (8) is -CH=CH-. |
6. ~ The positive type photosensitive resin
composition according to Claim 4, wherein R; in the
general formula (9) is selected from the group
consisting of tetravalent groups represented by the

following formulas (11):

{03 <O-0r

(11)

@f pOS

7. The positive type photosensitive resin
composition according to any one of claims 1 to 6,
wherein X in the general formuia (1) is selected from
the group consisting of tetravalent groups represented

by the formulas (12):
}c{% - o @
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| (12)
CHg
0 A ¢
: o ' lH_; .
8. The positive type photosensitive resin

composition according to any one of Claims 1 to 7,
wherein Y in the general formula (1) is selected from
the group consisting of divalent groups represented by

the formulas (13):

@@ <00~

(13)

9. The positive type photosensitive resin
composition according to any one of Claims 1 to 8,
wherein the photosensitive diazoquinone compound (B) is
selected from the group conéisting of compounds

represented by the general formulas (14):

CH:
CHs:
@ “ Lo
2 —C—CHs (14)
0Q
oQ

* c L M S *
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wherein Q represents a hydrogen atom, or a group repre-

sented by the formula:

10. A positive type photosenSLtlve resin composi-
tion which comprises: |
(A) 100 parts by weight of a polyamide represented by
the general formula (1) defined in Claim 1,

(B) 1 to 100 parts by weight of a photosensitive diazo-
quinone compound,

(C) 1 to 50 parts by weight of at least one member
selected from the group consisting of phenol compounds
represented by the general formulas (2) and (3) defined
in Claim 1, and

(D) 0.1 to 20 parts by weight of at least one member
selected from the group consisting of organosilicon com-
pounds represented by the general formulas (8), (9) and
(10) defined in Claim 4.

11. The positive type photosensiti#e resin
composition according to Claim 10, wherein the phenol
compound (C) is at least ene member selected from the
group consisting of phenol compounds represented by the

structural formulas (4) and (5) defined in Claim 2.
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12. The positive type photosensitive resin

- 82 -

composition according to Claim 10 or 11, wherein the
phenol compound (C) comprises phenol compounds repre-
sented by the structural formulas (6) and (7) defined in
Claim 3 alone or in admixture in a proportion of at
least 50% by weight of the total weight of the phenol
compounds (C).

13. The positive type photosensitive resin

- composition according to Claim 10, 11 or 12, wherein X
in the general formula (1) is selected from the group
consisting of tetravalent groups represented by the
formulas (12) defined in Claim 7.

14. 'The positive type photosensitive reéin com-
position according_to Claim 10, 11, 12 or 13, wherein Y
in the general formula (1) is selected from the divalent
groups repfesented by the formulas (13) defined in Claim
8.

15. The positive type photosensitive resin
composition according to Claim 10, 11, 12, 13 or 14,
‘wherein the photosensitive diazoquinone compound (B) is
selected from the compounds represented by the general
formulas (14) defined in Claim 9.

16. A semiconductor device in which a film of a

polybenzoxazole resin represented by the general formula

(15):
[ T
HOO-HER R

L =
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wherein X represents a tetravalent aromatic group; Y
represents a divalent aromatic group; Z represents a

divalent group represented by the formula:

-R -Si-0-8S8i-R, -

R, R,

in which R; and R, represent divalent'organic groups and
R; and R, represent monovalent organic groups; a and b
represent molar fractions; a + b = 100 mole %; a =

60.0 - 100.0 mole %; b = 0 - 40.0 mole %; and n repre-
sents an integer of 2 to 500,

is formed in a thickness of 0.1 to 20 ym on a semicon-
ductor element. |

17. The semiconductor device according to Claim
16, wherein the polybenzoxaéole resin is obtained by
coating the semiconductor'elemeht with a positive type
photosensitive resin composition which comprises:

(A) 100 parts by weight of a polyamide represented by
the general formula (1) defined in Claim 1,

(B) 1 to 100 parts by weight of a photosensitive diazo-
quinone compound, and

(C) 1 to 50 parts by weight of at least one member
selected from the group consisting of phénol compounds
represented by the general formulas (2) and (3) defined
in Claim 1, then subjecting the resulting coating film

to prebaking, exposing and developing to pattern the

| N
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same and thereafter heat-curing the patterned coating
film.

18. The semiconductor device according to Claim
17, wherein the phenol compound (C) is at least one
member selected from the group consisting of phenol
compounds represeﬁted by the general formulas (4) and
(5) defined in Claim 2.

19. The semiconductor device according to Claim 17
or 18, wherein the phenol compound (C) comprises phenol
compounds represented by the structural formulas (6) and
(7) defined in Claim 3 alone or in admixture in a
proportion of at least 50% by wéight of the total weight
of the phenol compounds (C). |

20. The semiconductor device according to Claim -
16, wherein the polybenzoxazole resin is obtained by
coating the semiconductor element with a positive type
phoﬁosensitive resin composition which comprises:

(A) 100 parts by weight of a polyamide represented by
the general formula (1) defined in Claim 1,

(B) 1 to 100 parts by weight of a photosensitive diazo-
quinone compound and

(D) 0.1 to 20 parts by weight of at least one organo-
silicon compound selected from the group consisting of
éompounds represented by the general formulas (8), (9)
and (10) defined in Claim 4,

then subjecting the resulting coating film to prebaking,
exéosing and developing to pattern the same and thereaf-

ter heat-curing the patterned coating film.
-
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21. The semiconductor device according to Claim
20, wherein.Rs in the general formula (8) is -CH=CH-.
.22, The semiconductor device according to Claim
20, wherein Rs in the general formula (9) is selected
from the group consisting of tetravalent groups

represented by the following formulas (11):

{90 . <O

(11)
Q
i
3 o
! ' | .
o)
23. The semiconductor device according to Claim

16, wherein the polybenzoxazole resin is obtained by
coating the semiconductor element with a positive type
photosensitive resin composition which comprises:

" (A) 100 parts by weight of a polyamide represented by
the general formula (1) defined in Ciaim 1,

(B) 1 to 100 parts by weight of a photosensitive diazo-
quinonelcompound, _

(C) 1 to 50 parts by weight of at least one phenol com-
pound selected from the group consisting of compounds
represented by the general formulas (2) and (3) defined
in Claim 1, and |

(D) 0.1 to 20 parts by weight of at least one organo-

silicon compound selected from the group consisting of

I
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compounds represented by the general formulas (8), (9)
and (10) defined in Claim 4, '

then subjecting the résulting coating film to prebaking,
exposing and developing to pattern the same, and
thereafter heat-curing the patterned coating film.

24. The semiconductor device according to Claim
23, wherein the phenol compound (C) is at least one
'member selected from the groﬁp consisting of phenol
compounds represented by the structural formulas (4) and
(5) defined in Claim 2.

25. The semiconductor device according to Claim 23
or 24, wherein the phenol compound (C) comprises phenol
compounds represented by the structural formals (6) and
(7) defined in Claim 3 alone or in admixture in a
proportion of at least 50% by weight of the total weight
of the phenol compounds (C).

25. The semiconductor device according to any one
of Claims 17 to 25, wherein X in the general formula (1)
is selected from the group consisting of tetravalent
groups represented by the formulas-(12) defined in Claim
7.

27. The semiconductor device according to any one
of Claims 17 to 26, wherein Y in the general formula (1)
is selected from the group consisting of divalent groups
represented by the formulas (13) defined in Claim 8.

28. _ The semiconductor device according to any one
of Claims 17 to 27, wherein the photosensitive diazoqui-

none compound (B) is selected from the group consisting
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of compounds represented by the general formulas (14)

defined in Claim 9.

* c L M S *



