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1. ABSTRAC?

The goal of this work was to streiyfen the Beijing In-
stitute of Chemical Reagents in order to enhance the tech-
nical capabvility in research, development, menufacture, ane-
lysis and detection of photoresists.

In the course of my stay in BIC: methods of testing
including necessery equipment were suggested to the cont>ol
of photoresist quelity. =xperimental work wes focused on the
negeiive working photoresist conteining cyclized polyisopre-
ne, futher on its preparetiorn end testing. lLectures and dis-
cussions were devoted to the chemistiry of light-sensitive
compounds and polymers eré tc the fuiner demends or meieriels
for lithography.

On the basis of this experience following principle re-
commendations were suggested:

Technicel measures

- Complete instruments in anelytic department
- Esteblisk a high cleen laboratory for photolithograph.c
testing of photoresisis
- Reconsiruct organic department and equip it with modern de-
vices
Photoresist developmen%t

- Ensure research and experimentel productior of photoresisis
for semiconductor technnology
- Investigate the neede of photoresists for printed circuit
boards and chemicel milling
- Jiork out project for photoresist production plexnt
Treining recommendstiocn '

- Ensure special training in photolithographic testing and
MR measurement
- Improve informetion systen.




2. SUMARY OF CONCLUSICNS AND XECOMMENDATIONS

Technical Measures

a/ New Site

Conclusion: Conception of new BICR buildings is suitable for
protoresist research

Recommendations: .

1. Consult the project of air comnditicn on the first floor for
extraordinery clean laboratories (photolithographic laborato:ry,
ICP and mass spectr. laboratories).

2. Separate clean end unclean rooms and work out & special
regime for personnel.

b/ Anelytic Depariment

Conclusionr: Most of instruments are on the high and latest level

recormendations:

Complete equipment with these instruments:

- Titrator according to Karl Fischer for water content determi-
netion ( 8 000 US &)

- kodern dynamic viscometer including thermostate (15 C0C US 2)

- Laminar flow boxes for lithographic laboratory, 4 - 5 pieces
(10 000 US g a piece)

- Unit for vacuum evaporation of metals (Al, Cr) (50 000 US 3)

Eodern analytic balances (3 000 US % a piece).

¢/ Organic Department

Conclusion: The equipment does not correspond to the contempo-
rary demands




Recommendations:

1. Reconstruct buildings, laboratories and power suppliers

2. Equip laboratories with modern laboratory glass, joints and
other auxiliary instruments according to the specification
in chapter 4.3.

Futher Photoresist Development

Recommendations:

l. Finish research on negative photoresist for semi-conductor
technology

2. Start research on positive photoresist for siep and repeat
lithography (DSW) with projection exposure

3. Investigate possibility of research on photoresists for
printed circuit boards with metallizing holes (positive
photoresist with high viscosity).

4. Investigate possibility of research on negative photoresist
for chemical milling

5. Investigate needs of chemical and galvanic baths for metallizing
of printed circuit boards.

6, Finisch pilot plant construction and prepare project for
photoresist plant production with capacity about 150 t
of photoresists and 300 t of auxiliary solutions.

e ' Training Recommendations

Conclusions: ,
1. The level of organic research and analytic chemistry is high.
2., Photolithographic testing in conditions of old buildings

is not complete, some inspection methods cannot be performed.

Recommendations:

1. Ensure special traiuning programme in photolithographic
testing

2. Ensure§pecial training for MiR-spectra meczsurement and their
interpretation

3. Improve chemical information system.




3. INTRODUCTION

This report has been worked out as a result of my visit to
the Beijing Institute of Chemical Reagents (BICR) according to
the UNIDO Project in the Feople’s Republic of Chine. Purpose of
ny visit was to strengthen the BICR in order to enhance nationel
technical capabilities in all aspects of research, develcpment,
manufacture and application of chemicel reagents and fine chemi-
cals, especially in the analysis and detection of photoresists.
These new chemical products, which belong to the unconventional
photographic materials, are used in semiconductor technology, in
manufacturing of printed circuit boards and preparation of offset
printing plates.

My briefing visit to UNIDO Vienna was organized on 26 and
27 September 1988, visit to the BICR from 28 September to 28
October 1988. I spent most of my time discussing the methods of
photoresist analysis and inspection. Basis for these discussions
was my introduction report "Survey of Methods" which I had wor-
ked out in advance. I also gave several lectures with long dis-
cussions about the statement and prospects of photoresists, their
chemistry and application., On the request of the BICR management,
I was directing the experimental work on the negative photo-
resist including its preparation and testing for the whole time
of my visit.

I was well received, organization of my work pessed according
to detailed schedule and the BICR staff did their best for my
successful work.




4, STATE OF THc ART RESZAXCH OF PHOTCRESISTS IN BICR

4.1 BICR Site

The Beijing Institute of Chemicel Reegents became independent
in 1985 and occupies two old buildings. The existing site is
unsuitable for research on photoresists ard their testing, becsau-
se the working areas are not clean. This site will be leit by
the end of this yeer and buildings will be used for orgenic
synthasis only. A general reconstruction of buildings and power
supply is necessary.

The new site of the BICR is situeted about 1 km from the
existing site and consists of the main building and two pilot
plants. rhe main building hes four floo=rs with laboretories;
three of them are air-conditioned. The fifth will mainly serve
for administration persomnel. Cn the first floor, there are se-
veral laboratories aquipped fo: dust particle class 1CCOC
(iass spectrograph, ICP, photolithogrephic laboratory). I re-
commend to consult the air circulation in these laboratories
with experts for clean rooms. According to my opinion the air
supply skhould be introduced evenly through the whole ceiling
to achieve laminar streaming, not only through one or iwo holes
in the ceiling. Also the clean zone should be separated from
the unclean zone with a cloakroom.

The east end of the new site is a three floor building,
two floor are used for power supply, the third is a lecture
hall for ebout 200 persons.

The conception of the new BICR site corresponds to condi-
tions for the research on the chemical materials .for electronics.




4.2 Analytical iaboratory Zquipment

Analytical department is well equipped and there are mo-
dern aualytical instruments available such es mass spectrograph,
ICP emission spectrometer, atomic absorption spectrometer, gel
and gas chromatograph, UV/Visible Spectrophotometer. I reco-
mmend to complete analyticel department with following instru-
ments:

- Titrator eccordirg to Karl Pischer - 8000 US 2
(Gas chromatography is not exact for determination of smell
emounts of water)

- Kodern dynamic viscosimeter including thermcstate - 15 OCC 3
( ¥easurement of kinematic viscosity by means of Ubelohde
viscosimeter is exact but not quick).

- New types of anslytical balences - 3 000 US & a piece

Also the instruments for photolithographic testing isavai-
lable on the modern and high quality level. In the new site,
it is necessary to equip the photolithographic laboratory with
5 or 6 pieces of laminar-flow boxes (10 000 US 2 a piece),
where the dust particle class 1CO or better will be reached.
The out-line of their dislocating is introduced in chepi. 5.3.
All devices and auxiliary iastruments must be distributed in
such & way that the personnel need not leave the clean room.
I recommend to complete the photolithographic equipment with
e unit for the vacuum evaporation coating of metels (al,Cr).

4.3 laboretories for Orzanic Synthesis

Orgenic department is situeted in old buildings and will
not be moved to the new site. & reconstruction of the old site
is recommended with the goal to adopt the rooms for organic
synthesis. Following arrengement and measures should be done:
1. Building errengement (replecement of window frames, new doors,
tiling of walls etc).




2. New power supply (electric power supply, cold and hot water,
vacuum, gas, Steam).
3. iodern equipment for organic synthesis

On the request of the BICR management I presen some de-
tails to the point 3.:
I suppose that two floors of old BICR site will be adopted
for orgenic syathesis, that is about 2C leboratories of 25 =
30 m2 each, together about 500 m2. I recommend to equip them
as follows:
1. 10 _ieboretories for organic synthesis with equipment:
- Two fume cupboerd along the walls (together minimum 6 m
- A bexnch with & wash besir, two-sided, situated in the middle
oi the laboratory
- supply of electric power, cold and hot water, gas, vacuun
- Leboretory equipment: flesks with grounded necks, reflux
end Liebig§ condensors, beakers, split flasks, conical
flasks, funnels, stirrers, Buchner funnels etc.
2. Two laboratories for high ptessure work

2)

a/ Gless reactors , volume 1, 3 erd 10 1 to 12 atm.
o/ Stainless reactors , volume the same to 60 air.
3._Gless_piloi_plants

~ Stands or recx for 3 gless epperatus in volume 20 - 50 1
with stirring, stea heated spirels or oil beih

-~ leboratory bench with a wesk basin

-~ Power supply see point 1.

4, Seperation_laboratory

a2/ Rectification columns

b/ Chrometogrepnic preperation colomns
(Fuzrriture end other eguipment according to the point 1).
5. analytic laboratory for quick measurement -

(Anelytic department will be moved to the new site)

- Physical measurement (viscosity, solids content, density, melting
point)

- Chemical enelysis (titration, etc).

- Zirection o7 orgenic depariwmzus
- ilningz-recess and res:t room for rerscnnel

-
| | | [ I | | |

YAarar ‘wmaad &4 &4 ad e : P
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4.4 BICR Staff, Informetion and Organization
System

Beijing Institute of Chemical Reagents is en independent
economic unit. There are experienced chemisis ené engineers
in the head of tne institute. kEeny skilled young chemists
are working in the emelytic end organic depertments. The level
of the phoitolithographic testing should improve efter cerpleting
the new laboratory.

Two pilot plants ere built in the new site. Tie procuctiiorn
pilot plant with chemicel eguipasent in volume 2C0 - 10GC 1
is availeble for prhetoresist manufzcture. This is imporiant
for gaining project dete for large produciion plant in tke
future. In this respect, relations with electronic and .ther
chemical compesnies should deepen.

Education and research information system is expecte?
to be improved in the new site. There is mno chemicel lit.-ary
in the institute at present. Some recormendation on this sul-
ject see chapt. 9.




S5« ASTHOSS OF ANALISING Cr PHCZCRASSISTS, XECLSSARY piUIZENT

The firat group of physical and chemical methods is des-
cribed briefly, becaues these procedures are comm/mn for many
other compounds and chemical products. Therefore, I confine
myself to the comments, notes and partieulars which are specific
for photoresists. On the other hand, the photolithographic esti-
mation and testing aere intoduced in details.

5,1 Physical and Chemical kethods of Analysis

Photoresists are solutions of organic light-sensitive com-
pounds and high-molecular polymers or resins in organic solvents.
Application of photoresists in photolithographic process, espe-
cially in semiconductor technology demands the exact reproduction

of microp. petterns without impurifying of silicon wafers.
To fulfil this condition, the photoresist composition, physi-
cal properties and content of impurities must be maintained in
a very narrow tolerance and must not vary from the batch to batch.
Usually these physical and chemical properties are controlled
and tested:

~ Photoresist viscosity

- Solids content

- Density

Residue on ignition (ash content)
Determination of inorganic ions

Yiater content

Content of the :(light-sensitive compound
Auxiliery solution control
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Viscosity

1. Principle and Significence

The viscosity of photoresists together with thelir solids
content cetermines the layer thickness which must te reproduced
with an accuracy of 0,0S/um. The viscosity is gueranteeddy tae
producer in tolerance # 1C%of a given value, for exaciing adpli-
cations + 5%.

Two principles of viscosity measurement exist: kinemetic
and dynamic. Both are well-known and described in every textoook
of physical chemisiry.

2. Devices and Auxiliary Instrfuments

Hopler viscometer (dynamic viscosity)
Rotational viscometer "

Ubelohde viscometer (kinematic viscosity)
Stop-watch

3. Procedure

Viscosity measurements are performed in many pranches of applied
chemistry and are described in stendards of every country. There-
fore I present only some remarks:

- The viscosity of photoresists is strongly dependent on tempera-
4ure which must be maintained during measurement in narrow limits
+ 0,1°C.

- liost of pnotoresist producers state dynamic viscosity in mPe.s.
Applying of rotational viscometers is quicker than thet of
Hoplers viscometers. keasurement of kinematic viscosiiy is mcre
labourious but more exact.

4, Evaluation

Every viscometer has its own constant for evaluation of
viscosity. Accuracy of viscometers must be tested regurally
by means of standard liquids.,
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Soiids Conien:

le Principle and Significence
The solids content of photoresists together wiih their wis-
cosity determines the layer thickmess which must ve reproduced
with accuracy of O,OSIum. Thets why the solids content of every
production batchn must be reprocuced in a very narrow tolerence.
Solids content is determined by beking of the liquid phote
resist to the constant weight.

2. Devices and auxiliary instruments

Analytical balance (up to 2C0g + 0,1/um)
electric oven

aluminium or porcelain bowls

glass sticks

3. Procecdure

Solids content is determined in many types of solutions end
the procedure of its determination is described in various sten-
dards. Some special rules should be kept with photoresists:
~ Every weighing must be performed at the same time after the sample
is taken out from the oven.

- The accuracy of weighing is + 0,1 mg.

- Baking is carried out in two temperature levels. The higher tem-
perature is to be chosen according to properties (thermal stability)
of the measured photoresist.

- Positive photoresists contain novolac resins which ere very
difficult to dry completely. Ve recommend to mix up the photo-
resist with a porc - material e.g. silicagel or sea sand before
drying.

4, Evaluation

Solids content /x/ is expressed as & percentage dried mass /b/
of the original liquid mass /a/ according to the relation:

siote: The difference tetween two parallel measurements srnould not
be bigger than C,2%,




1. Principle and Significance

As the photoresist composition must be hold in e very nerrow
tolerence , the value of its densiiy is constant and need nol
be contolled from batch to batch. Pycnometric method evailable
for all liquids can be used.

2, Devices and Auxiliary Instruments

Glass pycnometer for liquids
Thermostat
Analytical belance (accuracy + 0,1 mg(

3. Procedure

Density meesurement is based on the weight comparison of
weter and measured liquid. Pycnometer of known volume is filed
by water, tempered in thermostat and weighed. This procedure
is repeated with photoresist.

4., Evaluation

Photoresist demsity is evaluated according to the egquation:

. ml
o = Aragee

where 'fko is photoresist density
weignht of photoresisi in pycnometer

my A
» water "

m .

éﬂ o ©0,9982 (20°¢C)
, 12

A

Sﬁ'mZ
o) ,0012 (density of eir)
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Zesidue on I an
(Ash Content)

l. Principle and Significence

Phe residue on ignition gives ua information about tae en-
tire content of arorgenic impurities. ish conteni is deterained
by burring of the liquid photoresist,

2. Devices and Auxiliary Instruments

Analytical balance (up to 200g + 0,1 mg)
electric heater :
laboratory furnece

porcelain bowls

3. Procedure

Flace ca 10g of photoresist into & porcelain bowl=weighed
beforehand. Evaporate carefully solvents on a boiling water-oath.
Burn the residue on the bowl in the flame end than in an electric
laboratory furnace at 900° for two hours.

4, BEvaluaiion .

The residue on ignition /x/ is calculated according to the
relation:

where & is the originel mess ¢ sampls

my the mass of burni residue
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1. Principle and Significance:

...... - - e

Boron content in all the cases is settled by means of
emission spectrography method.

The content of Na, Mg, K, Ca, /Li/ is determined by means
of atoa absorption spectrometry method /AAS/ with atomizaiion
in flames. Solutions of the searched samcles a-e analysed in
solvents. The evaluation ic done by means of standerc addition
method of o0il-soluble stardard solutions /e.g. Merck, see the
table/.

The content of Al, Cr, Mn, Fe, Fi, Sn° is determinel by
means of atom spectrometry method with electrthermal atomization
graphite furnace /AAS - ETA/. Solutions of the searched samples
are analysed in solvents. The evaluation is done by means of
standard addition method of oil-soluble standard solutions.

It is possible to check alternatively the conteat of Al, Cr, °
Mn, Fe, Ni, Sn b& means of emission spectrography method.

Table 1. Survey of methods and standards used
Standard AAS AAS - ETA Spectrography
Merck kat. flame
B 10980 x
Na ' 6428 x
Mg 5822 x
I 16272 % /x/
K 4988 x
Ca 2054 x
Cr 10502 X /x/
Mn 5936 x /x/
Fe 10503 x /x/
Ni 6713 p 4 /x/
Sn 10579 P4 /%/




2.
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2.1.

2.2.

Boron determination by means o0f emission spectrography:

2 ml /or a dump of about 2 g / of the ssmple ir a8 Quariz
crucible are mixed in 2 ml o ethanol, 0.1 mi of 1X N&Ci
solution and 100 mg of spectral pure graphite powder. At
first the mixture is evaporatied under infralamp to dryiness
and then, it is warmed up for an hour on an electrical
heater /maximum heating/.

At the same time, the blank experiment and confrontation
samples containing 0.6; 2; 6; 20 /98 B in 100 mg of
graphite powdep. The powders then fill graphite electrodes
/e.g. SU 319/ which ares exposed to complete burning up

in D.C.-arch. The photographic registration /OR¥0 WU 3/

of a spectrum /spectrograph PGS - 2, II order, 240-340na/.
Intensities of lines B I 249, 77 na are compared. The
standard with 2 ,ug B corresponds to the limit of 1.107%%.

Determination of Ca, K, Mg, Na, /Li/ by means of AAS
method with atomization in flames.

To 4 ml /or a dump of about 4g/ of the sample add in

PTrFE or polypropylene bottle 20 ml of relevant solvent

and the solution is taken up into nebouliser e&nd burner

of the instrument./l - metoxy -2- acetoxyethane is
necessary to refine, e.g. by keeping above a ion exchanger./
Parallelly, samples with standard additions of 10 and Zo/ug
of the given metals arc perpared and relevant absorptions
are measured. When solvents arec analysed /e.g. developer
SCR 21/, the sample is analysed too /without diluticn/

and it is evaluated also b, means of addition metnod.

It is advantageous to work with an instrument with auic-
matic compensation of non-selective absorption which

might occur with some samples on carbon particles carried
away in flames.

/0ur equipment: Perkin-clmer 4000, in all the cases PTFE
nebouliser and burner for N,0 /.
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Tadle 2. Determination of Ca, X, LI, ig, la witz atcxzizaiion
in flames:

Element Line /nm/ Flere
Ca 422,7 CH, - ¥,C
Li 67G C,B, - eir
Kg 285,2 CJE, - air
Na 589,C CZE2 - air
2.3 termination of Al, Cr, in, Fe, Ni, Sn by meesns oI

AAS-ETA method.

The same solution as for atomization in flames ere
analysed. The used concentrations of additions in dosed
solution are presented together with the other condiiions
in teble 3 . 25 /ul of the solutions are dosed, compensa-
tion of possibly non-selective absorption is usec.

The eveluation is done by means of standard addition
method. If there is a determined element in the blank
experiment /the used solvent/, it is necessary io
determine its content from the additions to the blank
experiment, and then, to subtract it from the result.

Element Line/nm/ PFurnace Thermal Atomizgtion Standerd
arran78ment /°C/ addition
C/ //ug/ml/
Al 309,3 pPyro 9CC 27GC 0.2%5; G.50
(05 357,¢ pJ/*ro aCC c7CC C.025; C.C2
Te 248,3 pyro 90C 2700 0.025; C.,05C
Ni 232,0 pyTo 900 2700 0.05; 0.1

Sn 224,6  stendard 706 2700 0.1; 0.2
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- > - - ~~3 N - - -~ - ~ .
aftar sclvent is evaporated /:307/, &5 Jut o Rn4c: J1:18/
solution in water is edded into the furnace.

2.4. Determination of aAl, Cr, Mn, Fe, Ni, Sn by means of
emission specirography metaod

eceoecweeceetboeoescescevoeavcosw et s Scom o mo S

2 ml /or a dump of about 2g/ of the sample ere mixed in

a platinum bowl with 10C mg of spectral pure carbon pow-
der. The mixture is evaporated to dryiness under infralamp,
warmed up for an nour in an owen heated up to 500°C.
Electrodes SU 319 are filled with dry carbon powder.
Parellelly, the blank experiment is prepared together with
standards containing 0.€; 2; 6 and 20 mg of each element
in 100 ag of powder graphite. Spectrum is excited in

D.C.- arch under the seme conditions 2s with boron deter-
mination. The use of spectral line is presented in table 4.

Table 4. Element __________ ce—m—eee wave_length /nm/
Al 309,27
Cr 283,56
Mn 279, 48
Fe 302,06
Ni 305,08
Sn A 284,00

The evaluation is done by semiquantitative visuel comparison
of blackening of the corresponding lines at the exposition

of the sample and the standard. Also quantitative evaluation
is possible by means of densitometer, in this case 2n addition
of the internal standerd would be suitedle, e.g. Fi.

3. Conclusion

In the present stage /the limits of volumes in order 10'5'1C%/,
we take 88 optimum the maximum use of the cirect cdeterminations
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by means of AAS mcihods, or determinalion of moveadle isons

by meens of the direct AAS with atomization in flames,
guarantee of heavy metals volume by meens of emission spectro-
graphy method with simple comparison of intensities. In case
of need of more exact determination of these metals, it is
possible to epply AAS - ETA method with spraying of organic
solutions,




1. Principle and Significence

Hethcd of deterninatiorn of weter content eccording K. Fischer
is besed on the reaction of iodine anid SO2 in redium of metrencl
end weter. Electrometric titration must be used for indicetion

3

(not visuel).
2. Devices end suxiliery Instruments
Apperatus for electrometric titration according to K. Fischer

K. Fiischer’s reggent
¥ethanol

3. Procedure

Exect procedure is discribed in internstionel standerds (e.g.
SRV 1489-79). The reagent must be daily controlled.
4. Eveluation

Vater content /x/ is calculated according to relation:

vV,
x= “Vggftlo

. . ’
where T is factor of Fischer s reagent

V4 volume of F. reegent used
v volure of sample
g censity ol semple

Iote: eter conteilt in positive photoresists
should be ¢ 0,5%, in negetive photoresists < 0,C5%.




1. Principle end Significance

Tre gsens:iizer quaniity in photoresist solution influences
its light-sensitivity, crntrast ané other parotockemicel properiies.
Mhe sensitizer conient should be meirnteined in sclution with
eccurecy of +0,1%.

Spectrophotometric method is used for thia purpose. Zxtvinction
of the phetoresist soluticn is measuresd in mexinuz o the last
absorption peak.

2. Devices end Auxiliery Imstirumenis

Spectrophotometer (200-700nm range)
Thinner of.photoresist
Sensitizer standerd

3. Procedure

Photoresist is diluted with thinner to the concentration
which is optimum fot the respective photometer used. Absorption
curve of diluted solution is meesured.

4, Evaluation

The value of extinction at wevelength of the lest absorpiion
maxinum is determined from the recoré of the absorption cucve.
A purified sensitizer stenderd is useé for celibretion end con-
pebtipation reckonning of the light sensitive compound.

o Y

LT
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L N -~ - .o kg -pedn o
auxilig>rr Soluticns

The auxiliary solutions serve for processing or preperaiion
of the light-sensitive layer. Their compesition zus: e 2djusiad
to tke specolic properiies of the respeciive pnotoresisi.

e

o

These types of auxiliary sclutions are used in the ghocic-
lithograpkic process:
- Developers
Thinners
Strippers
Adhesion promotors
Deystoff solutions

The quelity end purity of auxiliary solutions must correspornd
to the level of the photolithographic process. The most exacting
demsnds are put on the solutions for semiconductor technologr.

Following peremeters are steted and inspected:

Density
Refrective index
- Water contenst
Metal content
Chemical composition (elcalinity)
- Residue on evaporation
- Dust particle content

Determination methods do not differ from methods used for other
liquids of semiconductor purity grade (e.g. mineral acids, organic
solvents). Chemical composition is controlled in some cases onlj

Lo

(alcalinity of positive developers, absorbance of dyesteff solution).




NMR Saectrometrff polyisoprene cyclicity

1. Principle and Significance

Polymers having different cyclicity have influence on the
quelity of the photoresist produced froa them.Different degree
of cyclicity can be measured by lH NMR spectroscopy.

2. Devices and Auxiliary Instruments

High resolution NMR spectrometer for measurement of x

3. Procedure

The NMR spectra of cyclized rubber are measured in deuterio-
chloroform withltetramethylsilane / 2% / as internal starndard.

Signals of CHj-?-grcup and CH3-CH=.grcup are followed.

4. Evaluation

Degree of cyclicity is evaluated according to the equtior:

1/6.54/
K = - 0094

' 1/1.59

N is degree of cyclicity |
I/i.00/ is height of NMR signal CH3-?' group <-.S4 pom
I/1.64/ is height of NMR signal CH3-CH=-5roup 1.5% ppm

ve e
e CE~CE=

a
~

2

1]
o}
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5$2 . Photolitinocgrachic Properilies

Testing of physical and chemical photoresist properiies dces
not completely manage the quelity conirol by application in semi-
concéucior technology with a user. It must be completed with a se-
ries of pmotochemical ané phoiolithograpnic measurements:

- Thickness and quality of the light-sensitive layer
- Pinhcle testing

- Light sensitivity measurement, conrirast

- Quality of development .

- Thermal flow

- Resolution

- Adhesion and undercutting

Procedure for all these tests is common, cen be described to-
gether and then specified for every method.

1, Principle and Significance

Photolithographic testing of photoresists is based on per-
forming of the whole photolithographic process in laboratory con-
ditions. These measurements give a guarantee for the photoresist
ability of application in semi-conductor production.

2. Devices end Auxiliery Instruments

~Air-conditioned laboratory with parameters:

Particle class 10 000

dumidity 40-50%

Tempereture 2232°C

Yellow illumination 500nm
-~ 4p. Laminarflow-boxes class 100
~ UV-exposure device (Thinn film mask aligner) with & high mercuri
lamp

- UV-Light intensity-power meter
~Centrifugal coating device (whirler) with adjustable revolutions

in the range of 2000 - 10 000 rpm.
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- Zleciric contact oven, temperature renge 50-2¢¢9C +
- Coatact profilograph for thicknesses of C,2 - 7um + 0,G5 /L=
- Microscope magnifying 50 - 80Cfold

- High vacuum coater for thermel eveporatiorn of metels (Al)

- Test masks

- Auxiliary chemicals

3. Procedure
Photolithogrephic process can be devided into several stieps:

e/ Preparation of silicon wafers (with 500mm Si0,-layer)
Wafers are cleened in a mixture of sulphuric-acid end hydrogene
peroxide (3:1) et 130-140°C and severel rinsed in pure water.
Then the wafer surface is activeted in an oven at 250-300°C.

In special cases can be the SiO2 layer hydrophobized in hexa-
methyldisilazan vapours.

b/ Coating
The silicon wafer is put on the rotary of the whirler, flooded witn
photoresist and spin coated at 2000 - 5000 rpm for 30-60s.

¢/ Prebaking
The light-sensitive layer'is dried in & contact oven at temperature
given by photoresist producer, usually at 70 - 90°C for 20min.

d/ Exposure
The light sensitive layer on silicon wafer is illuminated through
& test mask by a Hg-lamp placed in a mask aligner in vacuum.
Light intensity must be checked by meens of UV-power meter.
The exposure time is experimentally determined.

e/ Development
Process of development is carried out eccording to instructions of
protoresaist procucer ir developer delivered 1o pnotoresist.

£/ Postbake
is performed for improvemeut of etch resistance. Temperature de-
pends on the layer thermal stability and keeps within 110-140°C
for positive photoresists and 140-180°C for negative ones.,

g/ Etching
Immerse the developed and dried silicon wafer into the etch-bath
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(mixture of EF and NH,OH, etching rele 70(nm/min) et 3¢%c.
Etching is finished when the surface of wafer loses its wetti-
ability in water. Plasma etching can be cerried out too, but
usuaelly by the user only.
h/ Stripping
Rests of the photoresist layer, that remained on the wafer surlace ..
after etching are removed in the mixture of sulphuric acié and nydro-

genperoxide (3:1) at 120-140°C, Positive photoresist rests can oe
solved in organic solvents.

4, Bvaluation

Evaluation of photolithographic process is stated further
in descriptions of individual methods.

»
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Taicxmess and quality of the Light-sensitive iaever

1. Principle and Significance

Preperetion of the quelity layer is & basic assumption for
the photoresist epplication. e evaulete:
- thickness of the layer
- flatness of the layer
- pinhole defects (are descrived extre)

2. Devices and auxiliary instruments

Photolithographic laboratory (see common chapter)

3. Procedure

Prepare the light-sensitive layer according to the pointis
&/, b/ and ¢/ of the common procedure. Engrave with a wolfram needle
three grooves into the light-sensitive layer. Place the stylus
of the profilograph on the wafer and go through the entire sur-
face including the grooves. Repeat this procedure on three va-
rious wafers.

4, Evaluation

Prom the record of the profilograph on the both sides of
every groove we can determine the layer thickness es an arithmetic
average of nine meesurements., The photoresist layer thickness
should not differ from batch to batch in the range of :0,05/um .
From the record on the smooth surface can be read off its flatness.,
The difgrence between maximuzn end minimus

tnickness cannot oversten 0,02/um.
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Pinaole Testins

l. Principle and Significance

Pinhole dfects in the light-semnsitive layer ere caused by dust
rticles which remeined in photoresist solution in spite ol iis
microfiltration.
Pinnhole testing is based on etching oI 5102 -layer, on enlarging
and transferring holes int the Si-layer and microscopic couniing
of their number.

2. Devices and Auxiliary instruments

Photolithographic laboratory (see common chapter)
8102 - etchant

Si - etchant

Silicon wafers with crystallographic level /1,0,0/

3. Procedure

Photolithographic process is performed according to points
a/ - h/ of common procedure. A pure glass is used for negative
photoresists as a mask, positive photoresists are not illuminated.
Etching time is twice longer than usually. After stripping the
wafer is immersed into the Si-etchant for 5 min., and rinsed in
pure water, Finally the wafer is etched in Sioz-atchant once more,
rinsed in water and dried.

4, Evaluation

Holes transferred from SiO2 - layer into Si are countec by meens
of microsceope by megnification 5C - EC fold. Their number is
expressed per cm2. The min.area of 20 cm2 is evaluated.

Note: Pinhole defects can be also testec by measuring electric

resistance. In this case the etched SiO2 -~ layer is covered with
aluminium instead of Si - etching.




l. Principle and Significance

rrhotoresist sensitivity control plays arn importani role
in reproduction of very small structures ( 5 /um). Exact
exposure dose is & condition for high resolution.

Sensitivity measurement consist in illuminetion of tne light-
sensitive leyer by various light-doses. The sensitivity is evaluated
from the relationship of the development rate (posit_ve photoresisis)
or of the crosslinked thickness (negative photoresists) on the
exposure energy.

2. Devices .

Photolithographic laboratory equipment (see common chapter)

3. Procedure and Eveluation for Positive Photoresists

Apply the common procedure according to the points &/ - f/.

A black mesk with ring-hole of 5 mm diemeter is used by exposure.
Measure the thickness of the layer with a profilograph. Exposure
energy, the intensity of which is measured with a UV-power meter,
is dosed from O to 200 mJ/cm2 in about 10 intervals. Immerse the
wafer into developer and follow the time till the ring exposed hole
is developed according to the change of colour between naked Sioz-
surface and undeveloped layer. From the measured time reckon the
development rate (in /um/min).

Plot on the graph the relationship of development rate or exposu-
re energy. The photoresist sensitivity is determined with exposure
energy which is necessery for achieving the chosen development rate
(e.g. for 1 /um/min or for thickness used in praxis).

Contrast is & gredient of the avove describeé curve, -n son2
cases the retio of maximum development rate and developmen: rate
of unexposed layer is evaluated as contrast.
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4. Procedure and Evaluation for Negetive Photoresists

Common procedure described for positive phoioresisis including
exposures in ten doses is performed. Development process (tem-
perature, period, rinsing) is cerried out according to the supplier
instructions. After postbaking the thiclkness of the crosslinkeé
layer remeined on the support 13 measured on a profilograph.

The relationship of the crosslinked layer thickness on the
exposure energy is plotted on the greph. The exposure enrgy, which
is necessary for achievment of chosen leyer thickness, usually
one half of initial thickness, is a criterion of semsitivity.

Contrast is the gradient of this curves
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quality of Jevelocment

l. Principle and Significence

Ir the course of development process some disorders in the
quelity of the image reproduced can occur. Rests of the photoresist
layer can remain on the developed spots or cracks appeer in some
structures. Kicroscopic inspection is used for this purpose.

2. Devices

Photolithographic laboratory equipment (see common chapter)
Resolution mask

3. Procedure

Apply the common procedure according to the points a/ to /.
The estimation of development quality is performed simoultaneously
with resolution test. After developme.'t the silicon wafer is in-
spected under a microscope at magnification 600 fold.

4, Evaluation

The developed naked spots must be pure without any remains
of photoresist layer and dust particles. The surface of reproduced
structures must be smooth. without any crocks, the edges shlould
be straight.




Thermel Flow

l. Principle and Significance
Thermal flow test characterizes the stability of developed
structures by heating during the second drying (postbaking).
The tes: consists in microscopic measurements of the difference
between the stricture size after and before postbaking.

2. Devices

Photolithograpnic laboratotory eauipment (see cocmmox chapier)
Sillcon waiers with S:".O2 leyex
Resolution mesk

3. Procedure

Apply the common procedure according to the points a/ - £/.
Resolution mesk with one to ten yum strips is used at exposure.

After development two wafers aredrying at temperature of the first
baking (80 - 90° usually), two wafers are postbaked at temperature
examined (140 - 180°C): The sizes of 5 yum stripes on all wafers
are measured by means of microscopic measurement with measuring
eyepiecee.

4, Evaluation

Sizes of postbakes wafers shloud not differ from tnose
not-postbaked more than o,3 JuRe Otherwise tne postbhake temperature
is too hign.
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Resoluiion

1. Principle and Significence
dith increasing number of elecironic units (bites) in
integral circuits demands for the photoresist resolutiion are
always more exacting. We understand, .as resolution, the smallest siru-

cture which can be reproduced in the photolithographic process.

2. Devices and Auxiliary Insiruments

Photolithography laborytory equipment (see common chapter)
Tesolution mask

3. Procedure

Apply the common procedure according to the points a/ - f/.
The resolution mask contains a system of lines, the sizes of
which diminishe from 10 to }/um. The developed and dried silicon
wafer is inspected under a microscope &t magnification 600 fold.

4, Eveluation

We estimete the smallest lines which are reproduced without
any interruption or other demage. The width of stripes and gaps
beitween them should be equal.

Note: Photoresist resolution is influenced by the exposure
system used. For instance better results are obtained with
project exposure system than with contact system.
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Adhesion - Undercutiing

1. Principle and Significance

Some theoretical methods of adhesion measurements of the
photoresist layer to various supports cannot give us a satislying
response about the photoresist avaibality to practical eppllication.
Therefore the entire photolithogrphic process must be periormed
including etching- Undercutting is evaluated as a measure of adhe-
sion.

2. Devices and Auxiliary Instruments

Photolithographic laboratory equipment
Resolution mask
SiOZ-etchant, auxiliery chemicals

3. Procedure

Apply the common procedure according to the points a/ - n/.
The resolution mask is used at exposure. The width of 4 /um stripe
is measured after development and postbaking (points e/ end £/)
end then once more after etching and stripping (points g/ end h/)
om the bottom edge of the structure. Size measurements ere cerried
out by means of microscope with magnifying 600 fold and by means
of measuring eyepiece.

4, Evaluation

The difference in width of 4 Jum stripe after development
and efter etcning should be 1 Jum raximum,

Note:
This procedure car be used for various types of surfaces used
in semiconductor technology . For al - surface, however, it is ove-
tter to estimate adhesion by means of overdevelopment (2 -4 times
longer period of development than necessary) without etching.




!Ii. Laboratory Zauipment

Devices which are necessary for the measuremenis of irdi-
vidual parameters were stated in thne descriptiorn of determi-
nation(see chapt. I ané II), According to the nature oI the
measurements, various leboratories shlould ve arranged:

1. Laboratory of physical chemistry
(Solids content, viscosity, density, residue on ignition, weter
content)

2. Spectropnotometric laboratory
(Content of light-sensitive compounds, other spectrophotometric
measurements connected with research on photoresists)

3. Laboratory of atomic absorption and emission spectromeirie
(Inorgenic impurities)

4, Photolithographic laboratory
(A11 photolithographic properties, see p. 15)

The first three laboraiories can be common for the control
and measurements of other chemical products (chemical for die-
gnostics, chrometographie, electronics etc.). That:s why the
details are not stated.

A photolithographic laboratory must be arranged for the

research on photoresisis. Proposal of laboratory equipment and their

locating is introduced in following scheme.,




Scheme of Photolithogreohic lLaeboratory
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Legend:

1l - Door
2 - Laminar flow box for coeting and drying:
Centrifugel coating device
Electric contact oven
3 - Leminar flow box for illumination
UV- exposure device (Thinn film mask-aligner)
UV-light intensity-power meter
4 - Chemical laminer flow box
Auxiliary instruments for development
Auxiliary instruments for etching -
5 - Laminar flow box for drying and baking
Electric contact oven
Electric laboratory furmace
6 - leminar flow box for microscopiec inspection
Microscope magnifying 50 - 800times
7- High vacuum coater for thermal evaporation of metels (11, Cr)
8 - laboratory bench two sided with & wash basin
Contact profilograph
Balances
Other auxiliary instruments and chemicals

Examples of possible equipment descrived in trade litera-
ture are enclosed.

Energy, gas and weter supply:

- el, power points 220 ené 38C ¥V
- compressed air

- compressed nitrogen

- central vacuum

- cold and warm water

- demineralized water
- chemical arains
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Specification of Instruments for rhotoregist Testing
Hand=d to B I CR

Dynemic_Viscosity keasurement:
1. HAAKE Viscosimeter
2. HAAKE Thermostate
Water Content leasurement
3. Mettler Titration
4, Xethothrom Progresmme 1988/89
Metal Content Determination
5. The Guide A5 - Perkin Elmer
6. The Graphite Furnece AAS Technique
7. AAS 1100B - Perkin Elmer
8. AAS 3030 <« Perkin Elmer
UV-Visible Spectrophotometer
9, UV/VIS/NIR - Spectrophotometer - Perkin Elmer
10, PG 8800 UV/VISIBL: Spectrophotometer-Pye Unicam
11, Spectra AA - 30/40 - Varian
Photolithographic Testing
12 Leminar Flow Boxes - Prettl
13. Clean Air Benches - Kojair Finland
Kask Aligner
14. EA 45 - K, Suss NSR
15, KA 33S - dtto
katellization
16..LIS 801 Load Lock Sputtering System - Balzers
17. BAS 450 Pi Planar Yagn. Sputtering System - Belzers
18, UHIVEX 300/45C Leybold
idicroscope
19. ileitz MPV CD
20, leitz Secolux 6x6
21, Leitz L2V CO 2
22. leitz Zrgolux
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6. LECTURES AND DISCUSSIONS

Three lectures were presented in the course of my assistance

in BICR:

1. Photoresist Chemistry and Application

2. Polymers for Photo- and Electron Beam Resists

3+« Technical Development and Futher Demands on Materials for

Lithography

The shortened text of these lectures see Appendix III.

Long discussions were devoted to the .conclusions of my lec-

tures and experimental work:

Perapectives of polyvinylcinnamate photochemical system (KFR).
Synthesis of cyclized rubber and reproduction of its properties.
Influence of substituents on the properties of o-naphtoquinone-
diazides

Methods of positive photoresist purifying

Photo-sensitivity measurements

Determination of boron content in organic solutions by means

of ICP method.

Modern equipment for organic synthesis

Synthesis of new organic compounds and testing their properties.
Modern methods of investigation optimum technologicel con-
ditions
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7. ZXPERIEENIS

On the request of the BICR senior staif I was directing
experimental work for all the time of my stay in BICR. Experi-
ments were focused on the megative photoresists, their prepara-
tion, reproduction and testing their properties.

a/ Experiment Description and Results

The aim of this experimental work was to find a way how
to control the reaction course of polyisoprene cyclization;
this polymer is used in negative photoresists and its molecular
weight and distribution must be maintained in a very narrow to-
lerance. The relationship between the viscosity and solids con-
tent of polyisoprene solution was taken as a criterion of cycli-
zation degree. If the solids content is always constant during
the reaction, we can follow the reaction course (reaction rate,
cyclization degree) by voscosity measurements.

Pour experiments were performed; three of them were success-
ful and the reaction was stopped in the viscosity range of 1 cP.
One batch was spoilt because of higher temperature during cycli-
zation than it was recommended. After purifying and filtration
through 0,2/um filter, the sample of negative photoresist was
prepared and tested. Results of chemical analysis proved the
high purity of the photoresist sample (all metals measured less
than 1 ppm, boron was not determined). Only the resolution and
quality of development were tested from the photolithographic
properties. The layer thickness and sensitivity measurement
could not be determined, because the profilograph failed. Reso-
lution 1,5/um that was reached by testing is very suitable in
this photoresist system.

b/ Recommendations

- Precise the relationship between the viscosity and solids
content as a function of
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log = A¢c + B
7There is dynamic viscosity in mPa.s /cP/
c solids content in % mass
A,B constants which must be experimentally measured

This relationship can be used for photoresist diluting to the

exact standard viscosity.

- Introduce measurement of dynamic viscosity instead of kine-
metic viscosity.

- Jork out & method for boron determination in photoresists.

- Introduce the sensitivity measurement, pinhole testing and
undercutting.
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€. RSCORREN2ATIONS ON FU?EER PHCTORESIST IDEVELOZIELNT

Contemporary state of photoresist development and manufectu-
ring in BICR can be characterized es en initiasl stege which
should be futher gradually developed. The average production
level of the world photoresist producers makes hundreds of
tons of photoresists and seversl thousand tomns of auxiliary
solutions, financially expressed about 50 million s US #. Chi-
nese market surely reaches this level in the future. Photoresist
reseerch should prepare conditions for such a development end
step by step should solve technology of new photoresists and
introduce them into the market. In this respect I recommend
to involve following topics in the programme of futher BICR
research and development:

a/ Photoresists for Semiconductor Technology

- Pinish research works on negative photoresists, work out pro-
cedure for several photoresist concentrations and complete pno-
tolithographic testing methods and include them into the standards.
- Start research on positive photoresist for step and repeat
lithography with projection exposure system (DSW). This di-
rection appears to be extraordinary perspective for the next

ten years.

- Prepare a survey of the last communications and patents in

the field of polymers for X-ray and electron beam lithography.

b/ Other Applications of Photoresists

There are many other applications of photoresists in
technical practise. I recommend, therefore, to investigate needs
of Chinese market in this respect end if necessary to extend
the range of photoresists:
~ Positive photoresist with high viscosity (150cP) for two- and ... .-*
more-sided printed circuit boards with metallizing holes.
- Negative photoresist for chemical milling (manufacture of
miniature parts from metal sheets by means of photo-etching).
= Chemical and galvanic baths for metallizing of circuit boards
and other surfaces (Co-plating, Sn-plating), cleaners, etching
baths and other auxiliary solutions for circuit boards manufacture.
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¢/ Production Develooment of Photoresists

Research results should be fluertly introduced into pro-
duction. Por this purpose, it is necessary to prepare projection
data and to constuct gradually production plants:

- Prepare glass pilot plamt in volume 10 - 50 1 during reconstru-
ction of the old BICR site.

- Pinish stainless pilot plant in volume 200 - 1000 1 and intro-
duce the phoforesist production on it.

- Prepare project data for plant production with capacity 100-
200 t of photoresists and 300-~500 t auxiliary solutions.

- Investigate systematicly needs of Vhinese electromnic industry.
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9. TRAIRING RIECCEZIHZATICNS

During my stay in BICX I had en oppurtunity to get aquinted
with many research workers on occasior of my lectures, discussions
and experiment performance. There are many young people, recen-
tly graduated, who have prospects to become outstanding experis
in analytic, physical or organic chemistry. Futher training should
be aimed at the intermal schooling in BICR as well as externsl
stay in foreign institutes.

a/ Internal Schooling

- Complete chosen analytic methods and procedures (water content
determination, dynemic viscosity, boron content etc.).

- Improve methods of organic synthesis

- Improve knwledge of English in special English courses

b/ External Training

There are some areas where the special training in foreign
institutes is necessary for increasing level of research in BICR:
- MR spectra measurement end thei- interpretation
~ Photolithographic testing of photoresists
« Information system in chemistry

Treining according to the two first points can be realized
in Czechoclovakia provided that it will be filed into the UNDP
Training Programme (two workers for two months).
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Sept@iber 28
September 29

September 3C

October 1-3
October 4
Ocrober S
Oct 6-8
Oct. 9

Oct 10

Oct. 11
Oct. 12-13
Oct. 14
Oct. 15
Oct. 16
Oct. 17
Oct. 18
Oct. 19-20
Oct 21 - 22
Oct. 23
Oct. 24-25
Oct., 26-27
Oct 28

Keet at airport
Keet UNIDO Officer
Xeet Director of BICR
Discuss schedule and inrotriducing
the BICR Staff”
National Days - Sightseening
Discuss experiments, visit laboratories
Lecture I, discussing
dork in lab.
Sightseeing
Work in lab., siscussing experiments
Lecture II , Discussing
Work in lab.
Discussing experiment results
Sightseeing
Holiday, prepare lect III
Work in lab.
lacture III, Discussing to lecture III-
Work in lab.
Discussions on experiment results
Sightseeing
Work in labo.
Final discussing and sum.
Xeet UNDP Beijing, departure
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LECTURE 1

Photoresist Chemistry and Application

l. Introduction

Photoresists belong to the unconventional photographic systems.
Their light-sensitivity is based on organic compounds which undergo
a photochemical reaction(decomposition, cross-linking) on irradiation.
Photoresist consist of three main parts: - Light sensitive organic
compound .
- Film-forming pofﬁer or resin
- Solvents
The function of photoresists consists in the change of solubility on
illumination. This change is used by development; the illuminated
spots either lose the solubility (negative qhotoresists) or gain so-
lubility (positive photoresists

2. Chemistry of Photoresists

According to the chemical structure we can devide the light-sensi-
tive compounds into several groups:

The high-molecular ester of cinnamic acid is the most important
representative of this group:

—ECH.—CH—L

")-c.)o"-c-mcu-@ (1)

On irradiation two cinnamic ester grours dimerize (cross-linke) and
the layer loses solubility. The spectral sensitivity is unfavourable
for practical use (short wavelength) and must be spread cy addition
of sensitizers(see examples II,III,IV):

S\ _ /CO‘@ < ~C0
@NIC—C\CO_@ @N/C-C\ CO@
é"‘: CH
> Y = -§- ; =Se~ ;‘o'
(L) (L) Phtalons




- 50 -

The industrial application of this photochemical system was worked
out by Eastman Kodak Co (Kodak Photo Resist) in printed circuit
board manufacturing and chemical milling. For semiconductor technc-
logy are not suitable (insufficient adhesion to SiOZ).

b/ Bkazo-compounds

The light-sensitivitg of diazo-group is well-known for 60 years.
The high-molecular diazo-resin is used for photoresist preparation:

N: Y2 Zn dz Ny 4 Zudz N,’Zz.dz\
CH20
NH - NH NH
© S~
) (Vi) /n

Use: Negative offset printing plates, development in water or water
solutions.

¢/ o-Quinone Diazides

The mechanism of their photochemical decomposition was explained
by Oscar Slus:

0 0
N=N \ c—¢=0 C—CcQH
OO | OO | — Qo5 O
(vr) (vil) unstable (IX) (X)

The arising molecule of indencarbon acid X causes, that the irradiated
layer is soluble in alcaline solutions. In practise the esters XI
or XII are used.

0 0
N=N Na=N

$0,0R $0,0R (XX )
(x1)
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o-Naphtoquinocne diazides play a great rcle in technical rractise.
All positive photoresists are founded on thenm.

d/ Organic_Azido_compounds

Inorganic azido-salts are unstable and are use as explosives.
The azido-group bound on an aromatic ring is stabilized. On irradiation,
the azidogroup decomposes, a nitrogene molecule releases and the_
arising radical - phenylnitrene XIV reacts with the adjoining pof;er
molecules and cross-links them:

Ni—Na=n; 4 N
@‘ a0 [@’-] + N,

X (X1v) unstable

In technical practise compounds with two azido groups are ussd.
tructure XV is suitable for organic solvents, compound VI can serve
as example of water soluble sensitizer:

0
}
@w.—.cl/d\?-_—.cu\@ @CH = CH @
N; CQ.CH/CH, N, Nj SON, NoS N;
R (xv) ( XvI)

Azidogroup can be bound also on a polymer; in this case the functions
of sensitizer and film-forming polymer are connected (structure XVII):

—-E—CH--CH 3—
' 6-E8—~Cyn

( XvI )

This light-sensitive syster is used in sericonductor tecnnclczy
with a negative photolithographic processing. The water soluble azido-
compounds are appiicd in printing industry and by TV-colour Lubes
manufactﬁring (black stripes).




3. Photoresist Application and Producers

Photoresists belong to the modern chemical materials which
influence and contribute to the development of many other econo-
mic branches. The first application appeared after the World War II
in printing industry. Later they became indispensable in the ma-
nufacture of printed circuit boards and semiconductor integral
circuits (IC).After 35 years development, the photoresists are
applied in these main fields of technique?

- Offset _printing plates. Application of photoresists enable to con-
centrate the production,iimprove the quality of printing and increase
the number of copies (run). .

- Printed circuit boards have become the basis of computers and
ot..er electronic devices. They are produced in large scale.

- Chemical milling is a new application by manufacturing of various
metal sheets into miniature parts.

- Semiconductor_technology is the most important application of
photoresists. The most exacting demands on their quality are re-
quired for the photolithographic process.

Survey of the main world photore.ist producers:
USA -Ea. an Kodak Co -~ Negative Photoresists of series KPR, KMER,
Microphotoresists

- Ollin Hunt - Series of Waycoat Photoresists, negative and po-
sitive for semiconductor technology
-~ Shipley Co=-Positivephotoresists for IC and PC boards.
West _Europe- Kalle-~Hoechst Co - Positive photoresists for IC and
PC boards.Series AZ 1350, 1450, 4000.
- E.Merck(WG) Negative and positive photoresists for IC
- Micro Image Technology (GB) - Negative and positive
pPhotoresists for IC )
East_Europe - Lachema Brno (CS) - Negative and positive photoresists
for IC, PC boards and offset print.plates.
~Orwwo Berlin (EG) Positive photoresists for IC
Asia - Tokyo Ohka Kogyo (Japan) - Positive and negative photoresists
for electronics (various applications).




Polymers for Photo- and Electron Beam Resists

1 Introduction

In the first lecture we briefly described the chemistry of
light-sensitive compounds.The high-moleculag‘compounds - polymers
and resins form the second components used’photoresist preraration.
The solvents are evaporated after coating and polymers together
with sensitizers form a homogenous film. Properties of polymers
influence the quality of the light-sensitive layer. While the sen-
sitizers determine photo-chemical properties (sensitivity, contrast,
absorption regionetc.), the choice of polymers is decisive for
physical and mechanical properties such as:

- thickness and quality of the layer
- adhesion and undercutting
- temperature of softening
- etch resistance
Demands on the quality of polymers: - high purity

. - standard molecular weight
and its distribution.
The purity of polymers can be ensured by purifying of monomers
or which is sometimes more convinient, by adsorption of metal im-
purities on the ion exchangers in the course of photoresist prepa-
ration.

Standard molecular weight is usually controlled by gel chroma-
tography measurement. The values of Mw and Mn are determined and
their ratio Mw/Mn walculated, which characterizes the distribution,
This measurement is importent for rhotoresist research, tut it is
not suitable for the inspection and quick control of polymer syn-
thesis. For this purrose we use watching of the relationship beta
ween the viscosity and solids content of the polymer solution. This
relationship must be maintained in narrow tolerance, which must
be strictly defined.
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2. Pclyzers for Negative Photoresists

The derivatives of synthetic or natural rubber are used in semi-
conductor technology for photoresist preparation because of their
high etch-resistance. From the various possibilities I present twc
examples of polymers used in technical practise: cyclized polyiso-
prene XVIiII and copolymeprof butadiene and substituted styrene XIX:

,CH,\ (c“'ho,‘
' = . P Ao,
C‘- CHy—C

CH;—C

N \C— CHy
( XVI)
_E CHy—CH=CH—CH,;—CH,— cua—' R =—CH; ~cl
- n ’
(XIX ) @‘R

3. Polymers for Positive Photoresists

Novolacks resins are mostly used for positive photoresist sys-
tems. They are prepared by condensation of phenol with formaldehyde in
acidic environment (HC1, /COOH/Z). This reaction is more than 6o =
yers old and novoiacks resins became a basis of the backelite:

OH OH Oh OH
EEE; H* o cH,
+ CHmO0 —, '—@_ CH; ]’
R - _E R R R
CH;

(XXx)
( XXI )
Nevertheless, in spite of this known and old procedure, the manu-
facturing of novolacks for positive photoresists has some problems
in regard of reproduction their properties. Also in this case the
relationship between novolacxs solution viscosity and its solids
content is the best and quickest production control,Solids wvontent
determination is usually connected with a big errorbécause of imperfect
evaporationpf solvents., I recommend to perform this determination
in mixture of some porous material (sea sand, ¢ilica). In respect
of adhesion and contrast, the substituent R- in structure XXI plays
an important role, but this question will be discussed in lect.III,
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4. Folymers Icr Eiectron Beam Resists

During last five years, the new lithograrhic procedures have been
introduced into the semiconductor technology witn the aim of futher
diminishing of resclutisn: - Deep UV lithograghy

- X-ray lithography

- Electron beam lithography
The chemistry of resists for these aprlication is similar; we can discuss
it commonly.

Positive resists
Positive resist system is based on depolymerisation reaction, which

occurs on irradiation by rays with very short wavelength. Lowering o§
molecular weight enables to dissolve irradiated spots in a developer
(organic solvents). Polymethylmetakrylate (P¥MA) is the most well-known

exampie (XXII)
—ECH;——CH :L
| Jn

O,,C—o CH;

( XXX )

The sensitivity of PMMA is rather low. Copolymer XXII1 can serve as exam=-
Ple how to increase the resist sensitivity.

CHy—CH— C—“z-(u—}—
| I n

-°¢C-°CH; oéc—ou .

( XX )
The layer is heated over 200°C after coating in order that some anhydride
groups arise and molecular weight increases. The sensitivity is about
10 times bigger (10'6C.cm'1) than that of F¥MA,

Negative resists

Crosslinking of polymer molecules is a result of chemical reaction,
when the negative J%king layer is irradiated. Many polymers were des-

cribed for this purpose. I present two copolymerswhich can be used
in technical practise:
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CHy
'EC"‘:—C”‘C";—CH}- —Ecuz—cl-u —CH;—cl—}—
n -
@ @ N ]
N\
ct cH-cu-ch,

cl

(XXIv) ( XxV)

XXIV - copolymer of styrene and 4-chlorstjrene

XXV - copolymer glycidylmethacrylate and & -methyl-4-chlorstyrene

These main demands are put on the electron beam resist properties

- resolution O,Zéum

- sensitivity 10~ 2

Cocm™
- high purity : metal content ¢ 0,5 ppm

microfiltration through O,I/um filter porosity.
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Technical Develorment and Futher Demands

on Materials for Lithography

In this last lecture I should like to estimate future demards
on photoresists in various fields of their application.

l. Offset Printing rplates

We can state an increasing significance of offset technique
in printing industry because of its quick and simple performance
and possibility of computer setting (photocomposition). Following
properties should be improved:
-~ Number of printed copies should increase to the range 15C - 250
thousand from one plate.
- Improvement of printing quality, resolution about S/um.
- Reproduction of all properties (sensitivity, contrast atc) in
very narrow tolerance, in order that the mechanization of the whole
process could be carried out.
Of course, these demands depend also.,on the quality of the aluminium
support which must be improved and maintained standard. From the
chemical point of view new processing of drying are searched. The
1§Lr is heated to the level of softening for several seconds (about
130°C). A glass hard layer is formed on the surface and the number
of printed copies increases.

2. Printed Circuit Boards

Two and more-sided circuit koards witn metallized holes tc-
gether with integral circuits have become a foundation of computers
and other electronic devices. Two ways of their manufacturing exist:
1. Positive photoresistzof high viscosity (150cP) for roll ccating
(10/um).

2. Dry photoresists
The technical advantage of dry photoresists is obvious from tne
following picture:
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Fij.a. litruio( Photoresist, F;b.b. Dry Photoresist

The chemical and galvaric plating of boards follows after develop-
ment and the metal layer of BO-AO/um is formed. Injthe case of

liquid photoresists the layer thickness is only 10/um high and

so the metal layer has a form of a mashroom (fig. a). Circuit boards
made by means of dry photoresists are perfect but much more
expensive(fig.b). Derivatives of cellulose or polyvinylethers are
used for the viscosity increasing. Dry photoresists are based on
photopolymer system which consists of diester of acrylic acid,
filmforming polymer and photo-iniciater (derivative of benzoine).
They are negative working.

3. Semiconductor Technology

gemmon Demands

The increasing level of semiconductor technology is presented

in table 1.

Table 1
Year Level K Bit Resolution $um

required available

1965 1l 10 5
1972 L 8 5
1977 16 5 3
1980 64 2-3 1.5
1984 256 1.5=-2 1.5
1687 1000 1 1

New perspective methods of lithography and equipment have
been developed in the last years:
- Step and repeat printer (DSWO with projection monochromatic illu-
mination (G-line 435nm, I-line 365nm, deep UV-laser 248nm).
~ X-Ray lithography
- Electron Beam lithography.
Contamporary step and repeat system is the most important exposure

equipment which enables tc use commercial photoresists and improve
resolution to the level l/um.
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The future belongs to the X-ray lithnography after solving
problems connected with construction of exposure devices and with
mask preparation. On the contrary, the electron beam lithograrhy
seems to remain for application in mask productior only because of
the long exposure time,

In addition new technologic processing have been introduced intc
sexiconductor technology:
- Dry etching (plasma chemical etchinz) rerlaces etching in soluti-
ons, surpresses side-etching and improves edge acuity.
-~ Ion implantation (new way of As, B, P - dopping)
Both processes demand higher temperature resistance of photoresists.

Estimation of the futher development of semiconductor circuits
to the end of century is presented in table 2.

Table 2
Year Level MBit Resolution ,um Stepper technology
required reached
1987 1 1 0.8 Opt. G-line 436nm
1989 I 0.7 0.€5 opt. G-line . 436nm

I-3ine 365 nm

1991 16 0.5 0.5 Deep UV - 248 nm
1995 64 0.3 0.3 Deep UV, X-Ray
2000 1000 ? ? ?

Futher Demands on Resists

Negative Photoresists

Simoultaneous commercial negative photoresists are not suitable
for reproduction of structures < Z/um, because of their swelling
and deformation in organic develorer. Some experiments are performed
to remove this defect. Example (VI rresents a rossibility how to re-
place organic develorer with a water alcaline solution:

—E-QH,—CH —cH;—CcH }n

Q (XXVI )

OH
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Positive Photoresists

Positive photoresists are considered as perspective materials
for ster and repeat process. Investigations are focused to several
streams:

- Addition of surface-actants to developers improves quality of
development and edge acuity.

- Substitution of novolack resins (o-cresol, terc.butyl grour) in-
creases contrast,

- New modification of o-naphtoquinone derivatives without acidic

-0H groups improves photo-chemical properties (resoclution, contaast).
- Thermal hardening (special regime of drying) increases temperature
of softening to 200°c,

- UV-Deep resist hardening has the same effect but it is quicker.
Special devices for this purpose were developed.

- Image reversal - addition of organic basis causes insolubility of
developed structures

- Multilayer procedure: The first 1d%r smoothes the unevent surface
after several etching processing,

The second Iﬁk; is a commercial photoresist
layer.Polyimides are used for the smoothing; the first reaction
step is performed by photoresist producer, the second step by photo-
resist user on the wafer by heating above 200°c.

0 0
¢ ¢
7 ~
0\% e/O + Hz"‘@—x‘@—NH
0 O (xxvI) ( XXV )
0
HO—C 1 _<<::>_
C—NH _@ u
NH -
- O O~ —
Q 0-c
o ( XXIX)
Lok Pt
IO @O O
\ Ve
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0 0

(XXX )
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- Additior cf silcxanes and silanes to pisitive rhotoresists
results higher resistance agai&& plasma-etching (structure XXXI).

(
—+ o—sle— 0—5.6—0:—
0 0
i ]
T 0—S—0—Si—0—4—  (xxxI)
~ “n

- Addition of deystuff is used for reflex surfaces for absorption
of reflectivegraes and for improvement of resolution, especially
on aluminium,

The survey of photoresist chemistry and application at present
and in the future demonstrates that this sci'entific and technical
field develops quickly in many streams. We can, therefore, agree
to G.E. Fuller's opinion]:"The future of optical lithography
remains bright!"
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