DESCRI PTI ON PROCESS FOR PRODUCI NG SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD
The present invention relates to a process for produci ng a sem conductor

devi ce. BACKGROUND ART A pol ybenzoxazole resin or a polyimde resin that has
excel l ent heat resistance, 10 superior electrical and nmechani cal properties,
and the |like has been used to produce a surface protective filmor an
interlayer dielectric of sem conductor devices. A positive-type

phot osensitive resin conposition tg é b i ns a pol ybenzoxazole resin or a
polyim de resin and a quinonediaﬂ@ § %ﬁﬁﬁ SLd (phot osensiti zer) has been used
to sinplify the production process (Patent Docunent 1). 15 When producing a
sem conduct or device, a deposition step that forns an oxide filmor the

like, a lithograp f i - i ity addition

(i npl antati on) stE%@ﬁ%éﬂ@?ﬁ@@ﬂ@ﬁ%@%ﬁ@@B%ﬁh zes a
chemcally-anplified resist. After conpletion of the |ithography step, a
sem conduct or wafer protective film is formed using a pol ybenzoxazol e resin

or a pol yiIn, i herefore, the 20 chem cally-anplified photoresist and
the p Iy@?@@é@%ﬁ?ﬁ% in or the polyimde resin nmaybe used in sem conductor
production lings that .are. claose, together. Mhen . using the chem cally-anplified
Peaist, a Tt o gtorBhewonage SR b5 PReUShER strEo R v "o i at b
| arger than that of the |ower area) or the like may occur. (Patent Documnent
1) JP-A-1-46862 25 An object of the present invention is to provide a process

for pr OstfA@gcﬁ(Oﬁﬁﬁi&ﬁf'dUCt or device that can suppress a T-top phenonenon or
the |Ii ke tThat may occur when formng a circuit on a sem conductor wafer

using a chem Cﬁb&}_('fy%gﬂzfoieel%s&%? iai)r()l)jilgidje rbOf bl RAVGL LR ﬂEat?@sqgt&%@fj Uct or

devi ces.

10  superior electrical and mechanical properties, and the like has been used to produce a
-surface protective film or an interlayer dielectric of semiconductor devices. A
positive-type photosensitive resin composition that contains a polybenzoxazole resin or
a polyimide resin and a quinonediazide compound (photosensitizer) has been used to
simplify the production process (Patent Document 1).

15 When producing a semiconductor device, a deposition step that forms an oxide
film or the like, a lithography step that forms a circuit, and an impurity addition
(implantation) step are repeated. The lithography step utilizes a chemically-amplified
resist. After completion of the lithography step, a semiconductor wafer protective film
is formed using a polybenzoxazole resin or a polyimide resin.  Therefore, the

20  chemically-amplified photoresist and the polybenzoxazole resin or the polyimide resin
may be used in semiconductor production lines that are close together.

When using the chemically-amplified resist, a T-top phenomenon (i.e., the upper
area of the pattern has a width larger than that of the lower area) or the like may occur.
(Patent Document 1) JP-A-1-46862

25 An object of the present invention is to provide a process for producing a
semiconductor device that can suppress a T-top phenomenon or the like that may occur

when forming a circuit on a semiconductor wafer using a chemically-amplified resist in



DI SCLOSURE OF THE | NVENTI ON According to the present invention, the above

obj ect can be achieved by the 5 follow ng process for producing a

sem conductor device. (1) A process for producing a sem conductor device
conprising a circuit formation step of formng circuit wiring on a

sem conductor wafer using a chemcally-anplified resist, and a cured film
formation step of formng a cured filmthat protects the circuit wring
after for he Ci CUIt rlng .the cured filmbeing formed of a cured

mat eri al pgq t‘ﬂ‘i‘]B FIEIFESSH conposition that conprises an

al kal i -sol uble resin haV|ng a polybenzoxazol e structure or a pol ybenzoxazol e
precursor structure, a conpound that generates an acid upon exposure to
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devi cgy acgpy fhAGkehStitd fesil ©Rpdkition that comprises an alkali-soluble resin having a

polybenzoxazole structure or a polybenzoxazole precursor structure, a compound that

generates an acid upon exposure to light, and a solvent, the photosensitive resin
composition substantially not containing N-methyl-2-pyrrolidone.
(2)  The process according to (1), wherein the content of N-methyl-2-pyrrolidone in
15  the photosensitive resin composition is 1 wt% or less.
(3)  The process according to (1), wherein the content of N-methyl-2-pyrrolidone in
the photosensitive resin composition is 0.1 wt% or less.
(4)  The process according to (1), wherein the content of N-methyl-2-pyrrolidone in
the photosensitive resin composition is 0 wt% or less.
20 According to the present invention, a process for producing a semicondﬁctor
device that can suppress a T-top phenomenon that may occur when forming a circuit on

a semiconductor wafer using a chemically-amplified resist, can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 is a flowchart showing semiconductor device production steps, and FIG. 2

is a cross-sectional view showing an example of a semiconductor device.



i nvention is described below FIG1 is a flowhart show ng the steps of the
process for producing a 5 sem conductor device. As shown in FIG 1, a

sem conductor device is produced by a circuit formation step that provides a
sem conductor wafer, and fornms a circuit on the sem conductor wafer, a cured
filmformation step that forns a cured filmthat protects circuit wiring, a
dicing step that dices the sem conductor wafer into sem conductor chips, a
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electrically connects the semiconductor chip to the substrate, and a encapsulation step
that covers the semiconductor chip with a encapsulation resin.

The present invention is characterized in that the cured film formed by the cured
film formation step is formed of a cured material of a photosensitive resin composition
15  that includes an alkali-soluble resin having a polybenzoxazole structure or a
polybenzoxazole precursor structure, a compound that generates an acid upon exposure
to light, and a solvent, the photosensitive resin composition substantially not containing
N-methyl-2-pyrrolidone.
A T-top phenomenon that may occur when using the chemically-amplified resist
20  can be suppressed by the photosensitive resin composition that forms the cured film.
The reason that the T-top phenomeno'n can be suppressed is considered to be as follows.
A basic compound contained in the air is involved in the T-top phenomenon that
may occur when using the chemically-amplified resist. Specifically, an acid generated
on the surface of the resist film upon exposure reacts with a basic compound contained
25  in the air so that the acid is inactivated. Therefore, the amount of acid that is

inactivated increases as the standing time before subjecting the resist film to

post-exposure bake (PEB) increases, so that the solubility of the surface of the resist



filmdecreases. N-nethyl-2-pyrrolidone that is used as a solvent for the

al kali-soluble resin having a pol ybenzoxazole structure or a pol ybenzoxazol e
precursor structure that forms the cured filmis considered to cause the
T-top phenonenon. Therefore, if the photosensitive resin conposition
substantially does not contain N-nethyl-2-pyrrolidone, 5 the anobunt of basic
conpound t hat causes the T-top phenonenon can be reduced Each step is
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circuit %Jﬁi\‘) t ) 20 circuit formation step. The photosensitive resin
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Examples of the chemically-amplified resist include a composition prepared by
mixing a base polymer (e.g., polyhydroxystyrene) in which a hydroxyl group is
protected with a butoxycarbonyl (BOC) group or the like, a photoacid generator, and
additives. The composition is alkali-insoluble, but becomes alkali-soluble when the
15  photoacid generator is decomposed by exposure to ultraviolet rays to generate an acid
so that the BOC group breaks.
(Cured film formation step)
In the cured film formation step, the photosensitive resin composition is applied
to the uppermost layer of the semiconductor wafer on which the circuit is formed by the
20  circuit formation step. The photosensitive resin composition is patterned and heated to
form a cured film. A semiconductor chip having a protection function can thus be
produced.
The cured film formed by the cured film formation step is formed of a cured
material of a photosensitive resin composition that includes an alkali-soluble resin
25  having a polybenzoxazole structure or a polybenzoxazole precursor structure, a

compound that generates an acid upon exposure to light, and a solvent, the

photosensitive resin composition substantially not containing N-methyl-2-pyrrolidone



phot osensitive resin conposition substantially not containing

N- et hyl - 2-pyrrolidone 4 (hereinafter naybe referred to as "NW"). This
suppresses a T-top phenonenon that nay occur when using the
chemcally-anplified resist. The expression "substantially not containing
NVP' refers to a case where the content of NVMP in the photosensitive resin
conposition is 1 w%or |ess, preferably 0. 1 5 w%or less, and
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ester COMpAAHR pHotdaitverelifl cBfipStion substantially does not contain NMP is
considered to be caused by the following reason. A photosensitive diazoquinone
compound used as a positive-type photosensitizer causes discoloration of the resin
composition in the presence of a basic compound. This is considered to be because the
15  quinonediazide compound is gradually decomposed. It is considered that the viscosity
of the photosensitive resin composition increases due to decomposition of the
quinonediazide compound.
The alkali-soluble resin has a polybenzoxazole structure or a polybenzoxazole
precursor structure.  The alkali-soluble resin may have other structures such as a
20  polyimide structure, a polyimide precursor structure, or a polyamidate structure.
Examples of the compound that generates an acid upon exposure to light include
quinonediazide compounds, onium salts, halogenated organic compounds,
o,o-bis(sulfonyl)diazomethane compounds, a-carbonyl-o-sulfonyl-diazomethane
compounds, sulfone compounds, organic ester compounds, organic acid amide
25  compounds, organic acid imide compounds, and the like.
The content of the compound that generates an acid upon exposure to light is not

particularly limited, but is preferably 1 to 50 parts by weight, and particularly preferably



25 conpounds, organic acid i mde conmpounds, and the like. The content of the
conpound that generates an acid upon exposure to light is not particularly
limted, but is preferably 1 to 50 parts by weight, and particularly
preferably 5 5 to 30 parts by weight, based on 100 parts by weight of the
al kali-soluble resin. If the content of the conpound that generates an acid
upon exposure to light is within the above range, the photosensitive resin
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A photosensitive resin composition which substantially does not contain NMP
may be produced by avoiding use of NMP as the solvent of the resin composition, or
using a raw material that substantially does not contain NMP, for example.

15 NMP is generally used as a reaction solvent when synthesizing an alkali-soluble
resin.  After completion of the reaction, the product is re-precipitated in a poor solvent
to obtain a resin, followed by purification and drying. In this case, NMP generally
remains in the resin. In order to reduce the content of NMP, it is effective to dissolve
the resin in a solvent other than NMP, followed by re-precipitation, purification, and

20 drying. Itis also effective to synthesize the alkali-soluble resin using a solvent other
than NMP. This ensures that the resulting resin composition substantially does not
contain NMP.

The photosensitive resin composition preferably contains a phenol compound.
This makes it possible to implement patterning with high sensitivity without causing the

25  resin (scum) to remain after development.

Examples of the phenol compound include compounds shown by the following

formulas. Note that the phenol compound is not limited to the following compounds.



The photosensitive resin conposition preferably contains a phenol conpound.
This nakes it possible to inplenent patterning with high sensitivity w thout
causing the 25 resin (scum to renmain after devel opnent. Exanples of the
phenol conpound incl ude conmpounds shown by the followng formnulas. Note that
t he phenol conpound is not Iimted to the follow ng conpounds. 6 These

phenol conpounds may be used either individually or in conbination. HO eH HO
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OH The phenol conpound is preferably used in an anount of 0.5 to 30 parts by
wei ght, and particularly preferably 1 to 20 parts by weight, based on 100
parts by 13 weight of the alkali-soluble resin. If the content of the phenol
conpound is within the above range, the cured filmfornmed of the

phot osensitive resin conposition has excellent properties. The

phot osensitive resin conposition according to the present invention may 5
further include additives such a |leveling agent and a silane coupling agent,
as required. The phc@H ngHi ve resin conposi tOHy havi t he above

conposition is appH surface of t enm|gonductorwaf er by a nornal
waf er proces p %l:. ea o] 0 cured film
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wafer is X0 CH, FOB a blHOe- ’ @OH he nounting
step, the dicin et is e ded using an gtus so that the

di ced sem conductor chips are separated at a/given interval, and each

sem conductor chip is picked up and pl aced 063?13 substrate. 20 Specifically,
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The phenol compound is preferably used in an amount of 0.5 to 30 parts by

weight, and particularly preferably 1 to 20 parts by weight, based on 100 parts by

13



the dicing sheet. The sem conductor chip (sem conductor wafer) can be easily
pi cked up by thus reducing the adhesion of the dicing sheet to the

sem conductor wafer. The 25 sem conductor wafer is then placed in the
expansi on apparatus in a state in which the dicing sheet is bonded to the
sem conductor wafer. The dicing sheet is expanded using the expansion
apparatus so that the diced sem conductor chips are separated at a given 14
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is an enlarge Vi ew sem conduct or
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sem condugtgor6 (gg%]}ughér;lgg S %\;\&ﬁ%&?ﬁ 1G 2, an input/output Al pad 2 is provided
on a silj} {158 §%@gtrate 1 on which a sem conductor chip and wiring are

f or nmed. A paSsivation film3 is forned on the silicon substrate 1, and a via

hol e | for Mediy e hfdthe 4 @il RAbLbibas gﬂghpémg%&@& filih (€S B

conposition is app e passivation patterne nd heated to

form a bufifes toctdin SichitbAddctdt'chfpsf 11 M. A nmetal film5 is

For example, a dicing sheet is bonded to the side of the semiconductor wafer
opposite to the side on which the cured film is formed, and a ring is disposed around the
semiconductor wafer to secure the semiconductor wafer. The semiconductor wafer is

15  then cut (diced) using a blade.

(Mounting step)
In the mounting step, the dicing sheet is expanded using an expansion apparatus
. so that the diced semiconductor chips are separated at a given interval, and each
semiconductor chip is picked up and placed on a substrate.

20 Specifically, the dicing sheet is cured by applying ultraviolet rays using an
ultraviolet exposure apparatus in a state in which the semiconductor chips
(semiconductor wafer) are positioned on the dicing sheet. This reduces the adhesion of
the dicing sheet. The semiconductor chip (semiconductor wafer) can be easily picked
up by thus reducing the adhesion of the dicing sheet to the semiconductor wafer. The

25  semiconductor wafer is then placed in the expansion apparatus in a state in which the
dicing sheet is bonded to the semiconductor wafer. The dicing sheet is expanded using

the expansion apparatus so that the diced semiconductor chips are separated at a given

14



formed to be connected to the Al pad 2. Awring section 6 is provided on the
side of the nmetal filmb5 opposite to the side that faces the Al pad 2. An
insulating film7 is formed to cover the wiring section 6 and the exposed
area of the netal film5. A through-hole is formed in the insulating film?7,
a barrier netal 8 that electrically 25 connects the wiring section 6 and a
sol der bunp 9 being provided in the through-hole. EXAMPLES 15 The present

et o e eachibed el g B O SIS AR 2 P er oL ve
sxarpl o=, (Exappl bl b SHILISELS A b REb UL LB b ot et = o

ether-4,4' -di carboxylic_aci.d and 270. 3 2. ol f . 1- roxybenzotri azol e
vere di segiibat i ouken o A ienanasmamey h SR st IR S r Car bod: | ni de
di ssol ved \gnegglg .g%(s;}f )NNP was added dropwi se to the 10 solution while cooling
t he react‘ K yql ¥’ 0 to 5C. After the addition, the reaction system was

i R T L T MO

conpl eti on of hexylc urea precipitated was

oo Db NS S50l BAISAAR 0 1 AEEBR SR o 10

the filtra recl pi ecte ficiently
pashed ut Wis AORKSAe BhS Aoy Rkl SHALSE: BT [0 obtai the
E;g;]ylr 38; S%%pralgﬁgl? g‘ﬁ?ngmél) h%r oxyphenyl ) propane and 236.6 g (0.480 nol)
of the di carbogyhb e apbilafifl kdh bichakBlfoltstlokiflehitn JOBR Bretbe

, Y- butyrol act one. e reaction’systemwas heate
for 12 tabletsis injected into a mold at 180°C using a low-pressure transfer molding machine,

and molded to encapsulat the substrate or the like on which the semiconductor chip is
mounted, for example. The molded product is post-cured at 175°C for four hours.
A semiconductor device shown in FIG. 2 is obtained by the above method.
FIG. 2 is an enlarged cross-sectional view showing a pad area of a
15  semiconductor device according to the present invention that hasabump. Ina
semiconductor device 100 shown in FIG. 2, an input/output Al pad 2 is provided on a
silicon substrate 1 on which a semiconductor chip and wiring are formed. A
passivation film 3 is formed on the silicon substrate 1, and a via hole is formed in the
passivation film 3. The photosensitive resin composition is applied to the passivation
20 film 3, patterned and heated to form a buffer coat film 4 (cured film). A metal film 5 is
formed to be connected to the Al pad 2. A wiring section 6 is provided on the side of
the metal film 5 opposite to the side that faces the Al pad 2. An insulating film 7 is
formed to cover the wiring section 6 and the exposed area of the metal film 5. A
through-hole is formed in the insulating film 7, a barrier metal 8 that electrically

25  connects the wiring section 6 and a solder bump 9 being provided in the through-hole.

EXAMPLES
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20 hours. After the addition of 46.2 g (0.281 nol) of

5- nor bonene- 2, 3-di carboxylic anhydride dissolved in 230 g of

y-butyrol actone, the m xture was allowed to react for three hours. The
reaction m xture was added to a water/IPA (=3/1) solution, and the
precipitate was collected, sufficiently washed with purified water, and dried
under vacuumto obtain the target pol ybenzoxazol e precursor resin (A-1). 25

2. Synthesis of_ conpound that, K generates.agid upon expgosure . to light A

qui nonedi azi detré‘S e dnyeatiay lsgﬁﬁﬁﬂ ‘%Wltﬁ’é W@I“FWH&O?W@ anfdanuf act ur ed
by Toyo CGosei Co., Ltd s used as the conpound that generates.an 16 acid
upon expoSPPRAERYq ‘?’ijﬂ}p.]g' \é@iteé% Q%Etdfﬁ?ﬂ%“dsﬂ@thr@t%ﬂ@?%—%ﬁlﬁwing 0@ 5

wherein 75%of, A, @@, and B are groups shown by the fornula (1), and 25% of
Q, @, &NMR%ESare hydrogen atoms. 3. Preparation of photosensitive resin
corrpositigﬁ 24 I%Iﬁf t he pol ybenzoxazol e precursor resin (A-1) and 4.8 g of

t he conpo {PIHQ -71) that generates an acid upon exposure to |light were

O SooYESii T o5 Bl N BHag] or, The,Sol vt on vas Tl e ed i ough @
oot osenei ve sk SEMRABH M dRRANE , oTocT (LD 11 pos i v type
258.2 g (1 mol) of diphenyl ether-4,4’-dicarboxylic acid and 270.3 g (2 mol) of
1-hydroxybenzotriazole were dissolved in 1500 g of NMP. 412.7 g (2 mol) of
dicyclohexylcarbodiimide dissolved in 500 g of NMP was added dropwise to the
10 solution while cooling the reaction system at 0 to 5°C.  After the addition, the reaction
system was allowed to return to room temperature, and stirred for 12 hours.  After
completion of the reaction, dicyclohexylcarbodiurea that precipitated was removed by
filtration. Then, 2000 g of purified water was added dropwise to the filtrate. The
precipitate was collected by filtration, sufficiently washed with isopropyl alcohol, and
15  dried under vacuum to obtain the target dicarboxylic acid derivative.
1.2 Synthesis of polybenzoxazole precursor
217.2 g (0.593 mol) of hexafluoro-2,2-bis(3-amino-4-hydroxyphenyl)propane
and 236.6 g (0.480 mol) of the dicarboxylic acid derivative were dissolved in 1000 g of
y-butyrolactone. The reaction system was heated to 80°C and allowed to react for 12
20 hours. After the addition of 46.2 g (0.281 mol) of 5-norbomene-2,3-dicarboxylic
anhydride dissolved in 230 g of y-butyrolactone, the mixture was allowed to react for
three hours. The reaction mixture was added to a water/IPA (=3/1) solution, and the
precipitate was collected, sufficiently washed with purified water, and dried under
Qacuum to obtain the target polybenzoxazole precursor resin (A-1).
25 2. Synthesis of compound that generates acid upon exposure to light
A quinonediazide compound (B-1) shown by the following formula

(manufactured by Toyo Gosei Co., Ltd.) was used as the compound that generates an

16



(equal to or less than the detection Iimt). The NMP content was neasured
using a gas chromatography system manufactured by Shimadzu Corporation. The
measurenent 15 conditions are given bel ow. Apparatus: GC 1700 manufact ured
by Shi madzu Corporation Columm: DB-5 nmanufactured by J & D (30 nxO 25 nm) 4.
Production of sem conductor device 17 As shown in FIG 2, an input/output Al
pad 2 was provided on a silicon substrate | on which a sem conductor chip
and Wi ri ng. re formed. A passivation film3 was forned on the silicon
subst r at e 94 ugﬂ%le’é?WP’&tﬂé‘BEt'was formed in the passivation film3. The

phot osensitive resin conposition was applied to the passivation film 3,
patterned 5 and heated to forma buffer coat film4 (cured film. A netal
film5 was formed to be connected to the Al pad 2. Awring section 6 was
provi ded on the Bide of the netal filmb5 opposite to the side facing the A

pad 2. An insulating film7 formed to cover the wiring section 6 and the
exposed area of the fi 5—A through-hole was forned in the
insulating film7, a aréie al 8 that electrically connects the 10
wiring section @i&h g @ wWe)provided in the through-hole. A

sem conduct or devi ce s{t hus—psf oduced in high yield, and showed high
reliability. (Exanple 2) rboxylic acid de(rﬁ'léati ve was produced in the
same nanner as in Exanple . A pol ybenzoxaz precursor was produced in
t he sane manner as in Exa . except for using NW i A8tead of 1000g of

yNboxyl i c

£d to react for
{=3/1) solution,
purified water,

y-butyrol actone. After the ition of 5-norbonenesx, 3

anhydri de di ssolved in g |£§1¥P the m xture V 51

t hree hours. The reacti 3m Xt u fvas added to a \@
Sy &4 N

and the precipitate was col |l gcted, sufficiently wa

Q

0Q;

and

5  wherein 75% of Qy, Q2, and Qs are groups shown by the formula (1), and 25% of Qi, Qa,
and Q; are hydrogen atoms.
3. Preparation of photosensitive resin composition
24 g of the polybenzoxazole precursor resin (A-1) and 4.8 g of the compound

(B-1) that generates an acid upon exposure to light were dissolved in 65 g of

10  y-butyrolactone. The solution was filtered through a fluororesin filter having a pore
size of 0.2 um to obtain a positive-type photosensitive resin composition. The NMP
content in the positive-type photosensitive resin composition was 0.01 wt% or less
(equal to or less than the detection limit). The NMP content was measured using a gas
chromatography system manufactured by Shimadzu Corporation. The measurement

15  conditions are given below.
Apparatus: GC-1700 manufactured by Shimadzu Corporation
Column: DB-5 manufactured by J & D (30 mx0.25 ym)

4. Production of semiconductor device

17



20 dried under vacuumto obtain a pol ybenzoxazol e precursor resin (A-4). 350
g of the resulting resin was dissolved in 1400 g of y-butyrolactone. The
solution was added to a water/I1PA (=3/1) solution, and the precipitate was
collected, sufficiently washed with purified water, and dried under vacuum
to obtain the target polybenzoxazole precursor resin (A-2) that had been
re-purified. 25 The pol ybenzoxazol e precursor resin and the qui nonedi azi de
conmpound used in anple 1 were dissolved . in y-buty The sol ution

was filtered tw@&anan FKI}-Go%F’QEV?PtP'i‘qAIé}adﬁa%%{go‘éd%g:?'ggéﬁi;gﬁ gbsats m to

h The pnorebien 3 B BT B Wirigh YRS S | B PRV RS NPr a0 10
Synt hesi s (B tEnb ke SAERS Tuwhd 4 hole Bidoones BonSRSTAISH BN : phenyl
T My oxy TR PERIOPSISHIVE Tt cTRRELi i aPRliebishg peRplint i o) BB, 300, 0

(b B e AT 57 R B R 021 00
(0,58 A KohalS o LA, LA RO § e S RS BT 125
12 et e vl Bl Pl pBL2, 5 ok v Rolf Qs L one?
L B R R RS MR 3° SiBUbRR 0
i th | SOP O MGR BBl ine IS, Y artd PP Ba BB R RESRE
10  wiring section 6 and a solder bump 9 was provided in the through-hole.
A semiconductor device 100 was thus produced in high yield, and showed high
reliability.
(Example 2)
A dicarboxylic acid derivative was produced in the same manner as in Example
15 1. Apolybenzoxazole precursor was produced in the same manner as in Example 1.
except for using NMP instead of 1000g of y-butyrolactone.  After the addition of
5-norbornene-2,3-dicarboxylic anhydride dissolved in 230 g of NMP, the mixture was
allowed to react for three hours. The reaction mixture was added to a water/IPA (=3/1)
solution, and the precipitate was collected, sufficiently washed with purified water, and
20  dried under vacuum to obtain a polybenzoxazole precursor resin (A-4). 350 g of the
resulting resin was dissolved in 1400 g of y-butyrolactone. The solution was added to
a water/IPA (=3/1) solution, and the precipitate was collected, sufficiently washed with
purified water, and dried under vacuum to obtain the target polybenzoxazole precursor
resin (A-2) that had been re-purified.
25 The polybenzoxazole precursor resin and the quinonediazide compound used in

Example 1 were dissolved in y-butyrolactone. The solution was filtered fhrough a

fluororesin filter having a pore size of 0.2 um to obtain a positive-type photosensitive

18



1.2 Synthesis of pol ybenzoxazol e precursor 217.2 g (0.593 nol) of
hexaf | uor o- 2, 2- bi s( 3- am no- 4- hydr oxyphenyl ) propane 20 and 236.6 g (0.480
nol) of the dlcarboxyllc acid derivative were dissolved in 1000 g of
y-butyrol actone. The reaction systemwas heated to 80C and all owed to react
for 12 hours. After the addition of 46.2 g (0.281 nol) of

5- nor bonene- 2, 3-di carboxylic anhydride dissolved in 230 g of

y- butyrolactone the m xture was allowed to react for three hours. The
reaction FSIXGMPOSEONadded to a water/IPA (=3/1) solution, and the 25

precipitate was, coll ected, f|C|entl washed wit ur|f|ed er and dried
inder | vacuum 1B° SMIEsenterin @@@S%}t%m@)mm%h eI Ry e A-3) . 2.
Preparation of phoéose si.tive sj,n conposition 19 The pol ybenzoxazol e

pr ecur sor MABRTAS Fhg* éwé 4zi de conmpound used in Exanple 1 were

di ssol ved but yrolactone The solution was filtered through a

fl uorores@f‘ar‘%/ﬂl‘fér having a pore size of 0.2 mto obtain a positive-type

phot os tive si.n osition..5 The NMP content in the photosensitive
resin gon%osi tﬁ%‘i’fﬁ %*f??lgﬁﬁl?%uql%e Sbme  manner as in Exanple 1 was 0.01 w%
or |less (equal _tg,or tectlon limt). (Conparative Exanple 1)
A phot oseﬁ iti §@¢%§é§?fcﬁ??ﬁ% ’f’la A pared in the same manner as in

i O Wéﬁ%hepx R A o
2 0otk % 05 GHARINE Bt 88 AR A5 SUIERI 4R, e
R e e e B T b 5o
COMPOgY t1 Ofleq dropwise to the solution while cooling the reaction system at 0 to 5°C.  After the
addition, the temperature of the reaction system was adjusted to 35°C, and the mixture
was stirred for 12 hours. Then, ‘the mixture was heated to 55°C using an oil bath, and
stirred for 20 minutes, followed by hot filtration. Dicyclohexylcarbodiurea that
precipitated was removed by filtration. Then, 6000 g of purified water was added
15  dropwise to the filtrate. The precipitate was collected by filtration, sufficiently washed
with isopropyl alcohol, and dried under vacuum to obtain the target dicarboxylic acid
derivative.
1.2 Synthesis of polybenzoxazole precursor
217.2 g (0.593 mol) of hexafluoro-2,2-bis(3-amino-4-hydroxyphenyl)propane
20  and 236.6 g (0.480 mol) of the dicarboxylic acid derivative were dissolved in 1000 g of
y-butyrolactone. The reaction system was heated to 80°C and allowed to react for 12
hours. After the addition of 46.2 g (0.281 mol) of 5-norbornene-2,3-dicarboxylic
anhydride dissolved in 230 g of y-butyrolactone, the mixture was allowed to react for
three hours. The reaction mixture was added to a water/IPA (=3/1) solution, and the
25  precipitate was collected, sufficiently washed with purified water, and dried under

vacuum to obtain the target polybenzoxazole precursor resin (A-3).

2. Preparation of photosensitive resin composition
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was anal yzed by thermal desorption-gas chromat ograph mass spectronetry.
Specifically, the photosensitive resin conposition was applied to a silicon
wafer. The silicon wafer was rotated at 800 rpmfor five seconds and at 1500
rpmfor 30 seconds. NWP was sanpl ed by adsorption at a position about 10 cm
above the rotating wafer. 20 Analysis was conducted using the foll ow ng
apparatus to determ ne the NMP concentration. <Apparatus> Thernal
desorption cooljng trap manufactured by CHROWACK (CP 4020) Gas ..

chr omat ogr aph- FB&ROI¥PRIZP*aRIa REECURSOS HeskE ansl 108 dBipongdipzids cqmpppagpseting

Vi scosity_incregse rate The photosensitive resin co itiQn S stored in a
yel | ow r oB¥ampler dﬁ???gisé‘ﬁﬁ ‘Qﬂ'ﬂ?‘gﬁ"%’fg’r\?i si‘BE selytien ngéﬁ‘i}'ﬁ%ﬁg% tive resin
conpositign was. measured on 20Q th irst day and.the fourteenth day using a
vi scomet etUQrotRs Eﬁ-“&\?'PQE"'SIZ%‘éfe HEXta 0 &Hbg,p%uve-@aﬁ@b%mws{twet d.). The
increase rate of the viscosity nmeasured on the fourteenth day with respect
to the viSE0LOMPOREQ8yred on the first day was calculated. 5 3. Resol ution

The phpt i £ ' Lt lied ¢ ] t f
using  spin_c5as M Shent L pbaosesNg SF pofFRoSomBEBLRI R AT it st o
bt ai £i1m havi hi of about 7.5 m The fil d at

dose of SBUTRA? EB-aurRd s 105 vioa ot Rap{sapald ahlssy han i et GRS °Ns Kon

Cor porat i t hr.ou a _10..,mask manufactured by Toppan Printing Co., Ltd.
(test cha&?(}rﬂ%a.rative%}‘%ﬁep aline pattern and a space pattern having a width

Che i m in a 5rsapstuliatetngrahfie  H Hobfel et SHEEBHREE it on Tor 30"
seconds,  E0gnhie 2 MsHhé hoYSHchz0k L1 Heirdct et £14) ik was not re-purified.
10 The NMP content in the photosensitive resin composition was 2.6 wt%.
The semiconductor devices obtained in the examples and the comparative
example were evaluated as follows. The evaluation items and methods are given
below. The results are shown in Table 1.
1. Volatile NMP amount
15 The NMP concentration when spin-coating the photosensitive resin composition
was analyzed by thermal desorption-gas chromatograph mass spectrometry.
Specifically, the photosensitive resin composition was applied to a silicon wafer_. The
silicon wafer was rotated at 800 rpm for five seconds and at 1500 rpm for 30 seconds.
NMP was sampled by adsorption at a position about 10 cm above the rotating wafer.
20  Analysis was conducted using the following apparatus to determine the NMP
concentration.
<Apparatus>
Thermal desorption cooling trap manufactured by CHROMPACK (CP 4020)
Gas chromatograph-mass spectrometer manufactured by Agilent (5973N)
25 2. Viscosity increase rate
The photosensitive resin composition was stored in a yellow room at room

temperature. The viscosity of the photosensitive resin composition was measured on
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10 seconds. The sem conductor wafer was then observed using a m croscope to
15 determne the resolution. 4. Cured film properties (tensile elongation)
The photosensitive resin conposition was applied to a sem conductor wafer so
that the thickness after curing was about 10m The photosensitive resin
conposition was cured in a clean oven at 150C for 30 m nutes and at 320C for
30 mnutes in an 20 atnosphere havi ng an oxygen concentration of 10 ppm or

l ess. The cured filmwas imersed in a 2% hydrogen fluoride agueous sol ution
to tenpvedie dayiaed the RHteenghaaHUSRg 3 Visermeier Y ISGAMEIRRT VT m was
sufficiently she At urified water, ,and dried.in an gven at QOC for
five hour BAnHEEeH byl ok Eﬁaﬁ)&wsé%lutfi-)i n IPRINCERIREAGET the XiSEtyHBsAsHgda wi dth of

O R S s S5b R TR o b gy g 00 O e
?,Lyg a hF%§5§g§5 e >na'® mpozUaWm$Cv ar ~o_5Qu?g
5 3. Resolution

The photosensitive resin composition was applied to a semiconductor wafer
using a spin coater, and prebaked on a hot plate at 120°C for four minutes to obtain a
film having a thickness of about 7.5 um. The ﬁim was exposed at a dose of 500
mJ/cm? using an i-line stepper (“44251” manufactured by Nikon Corporation) through a

10  mask manufactured by Toppan Printing Co., Ltd. (test chart No. 1 in which a line
pattern and a space pattern having a width of 0.88 to 50 um were drawn). After
removing the exposed area by immersing the film in a 2.38% tetramethylammonium
hydroxide aqueous solution for 30 seconds, the film was rinsed with purified water for
10 seconds. The semiconductor wafer was then observed using a microscope to

15  determine the resolution.

4. Cured film properties (tensile elongation)

The photosensitive resin composition was applied to a semiconductor wafer so
that the thickness after curing was about 10 pm. The photosensitive resin composition
was cured in a clean oven at 150°C for 30 minutes and at 320°C for 30 minutes in an

20  atmosphere having an oxygen concentration of 10 ppm or less.

The cured film was immersed in a 2% hydrogen fluoride aqueous solution to
remove the cured film from the silicon wafer. The cured film was sufficiently washed
with purified water, and dried in an oven at 60°C for five hours. The cured film was

cut in the shape of a strip having a width of 10 mm to obtain a tensile test specimen.

25  The tensile elongation of the specimen was measured using a tensile tester.
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2: Al pad 10 3: Passivation film 4: Buffer coat film 5: Metal filmé6:
Wring section 7: Insulating film 15 8. Barrier netal 9: Sol der bunp 100:
Sem conductor device | NDUSTRI AL APPLI CABI LI TY 20 The present invention
provi des a process for producing a sem conductor device that ensures high
productivity. The present invention nmay al so be applied when using a
protective filmin the production of liquid crystal displays and the |ike.

23 CLAIMS 1. roces or produci n sem conduct qr. devi c rising a
circuit for rrat‘@%ﬁ’o“@tl@jaglp I @Perﬁo:ﬂaéﬂ‘éﬂ%?‘fwwtrvf"rﬁm& | %‘HP@BEE‘E& or waf er
using a chem callysanplified 5 resist n red, filmfor ion step of
form ng a‘c‘.l%‘j[?rtﬁ%jkwll) ?ﬂr}{%‘f{]ﬁtwaﬁ?j%vf'ecﬁgs ?‘F?agetqattfs MP%OW??IWSEQ??(%%% mng the
circuit erlngS the cured filmbeing forned of a cured material of a
phot osensi PPV eFlESi n conposition that conprises an al kali-soluble resin

having a poly zoxazal e .structur.e or_a polybenzoxazol e precursor structure,
a conpound thallf).‘elif}%g}ll)zel’s;ltt8s3 ’ Q’r? vé%cloal%ﬁlélfiﬁa%%ﬁé%wu?seﬁ?Oosrfleﬁightﬁusalﬁl l°§ ol vent, the
phot osensjtive, resi qconposition substantially not containing

I\I—rretﬁSSI -ézﬁcélg?l}(s)tﬁ?a&gﬁégﬂﬁ&. The process according to claim1, wherein the

content of N-pREAMNIET BYd 2 Ukl AP resButiff R RhARSAS dali¥ S wWefShifh composi tion s

| wt% or | ess.
achieved.

1: Semiconductor wafer
2: Al pad
10  3: Passivation film
4: Buffer coat film
5: Metal film
6: Wiring section
7: Insulating film
15  8: Barrier metal
9: Solder bump

100: Semiconductor device

INDUSTRIAL APPLICABILITY
20 The present invention provides a process for producing a semiconductor device
that ensures high productivity.
The present invention may also be applied when using a protective film in the

production of liquid crystal displays and the like.
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15 3. The process according to claim11, wherein the content of
N- et hyl - 2-pyrrolidone in the photosensitive resin conpositionis 0.1 wt% or

| ess.

4. The process according to claim1l, wherein the content of

N- et hyl - 2- pyrrol i done in the photosensitive resin conpositionis O ww% 24

10

15

CLAIMS

1. A process for producing a semiconductor device comprising a circuit formation
step of forming circuit wiring on a semiconductor wafer using a chemically-amplified
resist, and a cured film formation step of forming a cured film that protects the circuit
wiring after forming the circuit wiring, the cured film being formed of a cured material
of a photosensitive resin composition that comprises an alkali-soluble resin having a
polybenzoxazole structure or a polybenzoxazole precursor structure, a compound that
generates an acid upon exposure to light, and a solvent, the photosensitive resin

composition substantially not containing N-methyl-2-pyrrolidone.

2. The process according to claim 1, wherein the content of

N-methyl-2-pyrrolidone in the photosensitive resin composition is 1 wt% or less.

3. The process according to claim 1, wherein the content of

N-methyl-2-pyrrolidone in the photosensitive resin composition is 0.1 wt% or less.

4, The process according to claim 1, wherein the content of

N-methyl-2-pyrrolidone in the photosensitive resin composition is 0 wt%.
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