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New materials by the sol-gel-process and their potential for microelectronic application

H. Schmidt, Wirzburg

Neue Werkstoffe iiber den Sol-Gel-Proze8 und ihre Anwendungsmaglichkeiten fiir die

Mikroelektronik

Der Sol-Gel-ProzeB erméglicht die Herstellung von keramischen Werkstoffen, Glasern und anorganisch-organischen Polyme-
ren mit besonderen Eigenschaften (zum Beispiel Reinheit, Homogenitat). Aufgrund der speziellen Reaktionsfiihrung lassen
sich filissige oder geldste Phasen als Zwischenstufen herstellen, deren Viskositat beschichtungstechnischen Problemen ange-
paft werden kann (zum Beispiel spin-on coating, tape casting). Fir den Bereich der Mikroelektronik ergibt sich ein interes-
santes Potential an Werkstoffentwickiungen, dessen volie Breite erst die zukiinftigen Entwicklungen zeigen miissen. Einsatz-
felder werden gesehen fir Substratmaterialien, photostrukturierbare Materialien, Passivierungs- und Verpackungssysteme,

Sensoren bzw. andere aktive Komponenten.

1. Intrecduction

1.1. Definition of the Sol-Gel Process

The sol-gel process describes a chemical route to
synthesize inorganic polymers like glass or cera-
mics via a colloidal phase in solution. The basic
chemistry is known since a period of more than 140
years /1/, the systematic investigation for mate-
rial development has taken place since about 25
years, starting with the preparation of ceramic pow-
ders /2/. Since about 15 years, efforts to evaluate
basic mechanisms are made especially using the al-
koxide route and silica-containing systems /3/. The
basic material forming step can be considered as a
polycondensation step, where for example reactive
MOH groups (M: metal like Al, Ti or elements like
Si) react with other condensable groups: MX (with X
= OH, OR, halogen, OCOR, NR2 or others) to form a
MCM bond (1):

IMOH + ROMZ ——» IMOMZ + HOR. (1)

The generation of reactive “inorganic" monomers can
be carried out by different ways: Hydrolysis of me-
tal salts in aqueous solutions, eq. (2)

ALCL, + H,0 ~—#C1,Al0H + HCI, (2)
red systems, destabilization of colloids

ster glass derived silica sols by surface
ontrol, hydrolysis of metalorganic com-

pounds like acrylates, annies or alkoxides (3)

Ti{OK), + H,0 — (RO) Ti0H + HOR. (3)

During the growth reaction, a colloid phase with
particlies or macromolecules in the nm range appears
(sol), fi ly leading to a solid with a second
phase within its pores (gel). During the growth
step, diff states of polymerization are under-
gone, thus leading to liguids with viscosities to
be adjusted in a wide range.

1.2. Characteristics of the Sol-Gel Process

Based on this basic chemistry, there are a series
of different very typical reatures, which are im-
portant for theé application of this technigque.

In multicomponent systems, especially if low con-
centration components, e.g. dopants, have to be in-
troduced, very good homogeneitles not obtainable by
other procedures, stoichiometri 1 distributions
can be achieved, which 1s not g other
Processes. Due to the high reactivity of e gels,
Ceramics and glasses can be obtained at temperatures,
substantially lower than those to be used with con-
ventional techniques. Precursors can be purified to

obtain ultrapure final materials. Glasses with un=-
usual compositions can be synthesized since the low
temperature processing avoids rapid crystallization
ranges. This is of special interest for alkaline-
free glasses. Most compositions (glasses and cera-
mics) can be applied as thin (some to 100 nm) and
medium thick (0.1 to several um) films. Due to the
low temperature processing, organics can be incor-
porated into inorganic networks, thus leading to
hybrid polymers (gzganically,ggdified ceramics,
ORMOCERs) with interesting new properties.

2. Preparation and Processing

A survey of the variety of material synthesis is
given in eq. (4) /4/:
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3. Materials

The sol-gel process can be advantageously used for
three types of materials:

Ceramic materials

In this case, the preparation of highly reactive
powders can help to overcome the usually high sin-
tering temperatures of ceramic bodies. For ceramic
substrates, powders with a high sinter activity
have to be prepared /5/. In this case, as indicated
above, substantial reduction of sintering tempera-
tures can be obtained, as shown in /6/. For coat-
ings, gel powders can be used as a slurry and thick
film or tape casting techniques can be applied. Not
much work is done in this field so far. For thin
film techniques, homogeneous sols can be used. There
is a basic difference to physical deposition tech-
niques: sol-gel films are amorphous after deposition
and have to be crystallized by heat. The formation
of crystalline phases follows the phase diagrams
thermodynamics). The films are very smocth and can
equalize surface flaws. Dopants can be incorporated
even in small concentrations very homogeneously and
reinforcing components such as whiskers can be in-
corporated, e.g. in corder to reinforce substrate
terials. The following applications seem to be
possible or are already done:

- substrate materials (mec
firing temperature (Al C
lite, coated metal core)

nanical strenctn, low
cordierte, /6/, mul-

H oot S ot

h

xe
w
te
4]
£,
I
ct
et}
joR

ica above, different types of technigues
can be used for coating procedures. For tape caste
ing {e.g. P2T foils), common procedures can oe
applied. For thin films, the desired rheclogical
data of sols can be established in a wide range.
Tor dip coating, the film thickness & can se estas-
lished by the Landau-Levich eguation {3;
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nev
4 = K'Nl/é ( )1/2, (5)
c peg

a = thickness of the coating; b = gravitational
constant; p = density of coating solution; K = con-
stant; NC = capillary number; v = lifting speed.

Thus, film thicknesses ranging from 0.05 to several
micrometers can be obtained in a one-step-proce-
dure.

The preparation of glasses by the sol-gel process
follows the same basic rules as described for cera-
mic materials. It is important that glasses can be
prepared which never exceed temperatures higher than
Tg. For micro electronics, especially the prepara-
tion of alkaline-free glasses is of high interest.
Since these glasses tend to crystallize during coocl-
ing, glass frits can be preferably prepared by sol-
gel techniques avoiding melting and high crystalli-
zation rate temperature ranges during cooling down.
Thus, glasses, extremely difficult to be melted,
(e.g. BaO/B_ 0O /SiO2/A120 ) /11/ can be prepared by
sol-gel witﬁ esired varlations of composition.

Inorganic-organic polymers

The introduction of organic groupings, e.g. by use
of organosilanes (see eg. (4)) leads to mixed inor-
ganic-organic polymers. The properties of these
types of materials can be varied between almost pure
inorganic materials and organic polymers. Organic
groupings, linked to an inorganic backbone can act
as network modifiers. If polymerisable groupings
are used, they can act as network formers, too.
Thermal resistance, chemical durability, permittivi-
ty constant (g}, electrical resistance, conductivi-
ty, adhesion, mechanical properties, chemical reac-
tivity, rheology of intermediates (e.g. for coat-
ings), curing behavior {e.g. thermal or photocuring),
and photo resist properties can be established by
appropriate choice of parameters. Since the mate-
rials contain a ceramic backbone, they can be fired
to ceramics or glasses. For SiO_, this was pointed
out by Baglin /12/. Based on thése properties, a
promising potential arises for microeletronic appli-
cations. First results for dielectric application
show that, in combination with %ow E_Xalues, high
surface resistances (up to 10 = Q+cm ~) and tempera-
ture stabilities can be achieved. Coatings can be
obtained by spin coating, dip coating and katapho-
retic deposition coating procedures. Thermal resi-
stance in the system (C6H )?SiO-SiO,—(CHg=CH)C535iC
(vinyl groups polymexized? Is up to 280 °C. Chehical
durability and moisture resistance are excellent.
The system shows a perfect adhesion to different
surfaces (metals, ceramics) and can be cured by Ui
or heat, as desired.

Other systems have been developed as gas sensitive
ayers and can be used for gas sensors (in igi
ated capacitance structures or on field effect
ransistors /13,14/. The sensitive grouping can be
asily incorporated into the scl-gel derived multi-
mponent layer. Materials ving beern developed

or protective coatings on s very low
iffusion
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4. Conclusion

The sol-gel process is a suitable synthesis prin-

ciple for the preparation of novel material and thus

can be used advantageously in microelectronics for
packaging, housing, passivation, new substrates,
sensors, and to achieve compounds. Since the field

is just at its beginning, numerous new developments

can be expected.
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Aufbautechnik mit hoher Schaltgeschwindigkeit und hoher Packungsdichte

Die steigende Integrationsdichte auf dem Si-Chip-Sektor fihrt sowohl zu einer Erhdhung der an das Gehduse abzuflihrenden
Verlustieistung wie auch zu einer Erhohung der AnschiuBpints pro Gehause. Dies macht den Einsatz von Keramiksubstraten
mit feinsirukiurierbaren Metalischichten erforderlich. Zur Erzeugung von Mehrschichtstrukturen werden Polyimid-Zwischen-
schicnten aufgetragen. Es werden die wesentlichen Kenndaten der Schichten diskutiert und ein Konzept zur Realisierung

eines 320-PIN-Gehauses in High-density-CCP-Technik vorgestelit.

1. Introduction

It is known that electronic systems mean-
while reached levels of capability that
were never believed to be possible in the
past. Yet projections for the future go
even further.

As far ss the technological progress of
the hardware is concerned the key role is
played by the semicondyctor chip and its
development towards higher and higher in-
tegration density. Nonetheless it is
often overlooked that the hardware per-
formance is not only governed by the ca-
pability and the quality of the semicon-
ductor chip but also about equally by
the applied packaging and interconnection
technology. Actually the packaging tech-
nology is already lagging behind the Ta-
pid advancements of semiconductor tech-
nology and is now increasingly becoming &
limiting factor.

56

For further progress in microelectronics
it is therefore crucial to develope new
advanced packaging concepts including new
interconnection technologies and new sub-
strates for chips and interconnections
This applies especially for the require
ments of the current VLSI technology a&a:.
even more for those of the upcoming ULSI
and GSI technology.

Not mentioning the permanent neec for the
reduction of costs per unit, these emer-
ging new integrated circuit technologies
follow mainly tnree driving forces:

- Increase in signal processing cagacily
- Increase in signal processing speed

- Space reduction

All three are logically connectec BamoOnRg
each other. They 1implament ON narcware
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