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Cuvinte cheie

Materiale ceramice, lipire cu laser, aliaje de lipire pe baza de
sticla

Introducere

Desi materialele ceramice si sticlele manifesta o fragilitate
sensibil mai mare precum si o sensibilitate ridicata la impact si
socuri decat materiale metalice subtiri, utilizarea acestora este
indispensabila in multe sectoare industriale. In electrotehnica,
electronicd, microelectronica, tehnologia senzorilor, ingineria
dispozitivelor si ingineria constructiilor de masini sunt necesare
procedee de imbinare corespunzatoare pentru aplicatiile
speciale ale acestor materiale.

In comparatie cu alte procedee de imbinare, tehnologia de
imbinare cu utilizarea aliajelor de lipire pe baza de sticla [1...3]
ofera cateva avantaje ca de exemplu etanseitate la vid, proprietati
de izolator electric si stabilitate la temperatura a imbinarilor. Un
grup de sticle tehnice care, in analogie cu aliajele de lipire metalice,
au o temperaturd de inmuiere (punct de termoplastefiere) foarte
scazuta sunt denumite ,,sticle de lipire”. Acestea sunt disponibile
si au temperaturi de topire diferite. In general, procesarea, topirea
si brazarea/lipirea au loc la temperaturi cuprinse intre 300°C (limita
joasd a sticlelor de topire industriale) si 700°C.
de lipire ce utilizeaza sticle de lipire are loc, In general, in interiorul
unui dispozitiv de incélzire cu ciclu temperaturd/timp controlat.
Tindnd cont de acestea, intregul subansamblu este expus la
temperatura necesara pentru procesul de imbinare. Totusi,
miniaturizarea continud a componentelor si sensibilitatea tot
mai crescutd la temperatura a acestora determind necesitatea
dezvoltarii unor procedee de imbinare locale.

Lipirea cu fascicul laser ce permite o zona influentata termic
foarte mica si controlul selectiv al energiei introduse poate fi
utilizata 1n acest scop. Investigatiile [4, 5] au arétat ca pre-
glazurarea componentelor de imbinat si lipirea lor utilizand laseri
Nd:YAG, CO, sau laseri cu diode permite productia industriala
a carcaselor din sticla sinterizata 8250 [3] utilizand sticla de
lipire GO17-339 [2]. Cu ajutorul atat a elementelor ce formeaza
fasciculul laser (o oglinda de lipire microstructuraté pentru laserul
CO, si focalizare liniara pentru laserul cu diode), dar si cu ajutorul
formarii geometrice si temporale a fasciculului laser CO,, prin
utilizarea unui modulator, a fost posibila reducerea formarii de
bule si obtinerea unor conditii termodinamice imbunatatite in
sticla de lipire.
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Introduction

Although ceramics and glasses exhibit considerably greater
brittleness and sensitivity to impacts and shocks than metallic
materials, their application is indispensable in many sectors. In
electrotechnology, electronics, microelectronics, sensor
technology, appliance engineering and mechanical engineering,
suitable joining techniques are being demanded for the special
applications of these materials.

In comparison with other joining methods, the joining process
using solder glasses [1...3] offers a few advantages such as the
vacuum tightness, electrical insulating property and temperature
stability of the joints. A group of technical glasses which, in
analogy to metallic solders, have a very low softening tempera-
ture are designated as solder glass. They are available with
different melting temperatures. As arule, the processing, melting
and brazing/soldering processes are carried out at temperatures
between 300°C (the lower limit of industrially used solder
glasses) and 700°C.

Because of the sensitivity to extreme alternating temperature
loads, the soldering process using a solder glass is generally
performed in a heating device with a controlled temperature/
time course. In this respect, the entire sub- assembly is exposed
to the heat necessary for the joining process. However, it is
precisely the increasing miniaturisation of components and their
ever greater temperature sensitivity which necessitate the
development of a local joining technology.

Laser-beam soldering which permits a very small heat-
affected zone and selective control of the energy input can be
used for this purpose. Investigations [4, 5] have shown that the
preglazing of the joining members and their subsequent soldering
using an Nd:YAG, CO, or diode laser results in the possibility
of manufacturing joints on housing bodies made of 8250
sintered glass [3] using the GO17-339 solder glass [2]. With the
aid not only of elements which form the laser beam (a
microstructured lasersoldering mirror for the CO, laser and a
linear focus for the diode laser) but also of the geometrical and
time-related forming of CO, laser radiation using an optical
modulator, it was possible to achieve a reduction in the formation
of bubbles and improved thermodynamic conditions in the
solder glass.
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Obiective

Pentru a inchide carcasele de sticla/ceramica pentru instru-
mentele montate pe suprafata (,,surface mounted devices” — SMD
in microelectronicd) si pentru fabricarea ecranelor cu cristale
lichide, au fost determinate urmatoarele cerinte pentru procedeul
de Tmbinare (derivate din experienta companiilor utilizatoare):

e Temperatura in carcasa trebuie sa fie mai mica decat
temperatura de lipire (max. 350°C)

e Energia introdusa in zona de imbinare trebuie sa fie precis
localizata si trebuie sa fie controlata in timp

e Trebuie garantatd o curgere si umectare adecvatd la o
temperatura de lipire suficient de inaltd §i cu vascozitatea
necesara (104 -10° dPas)

e Estenecesard dezvoltarea unor tehnologii de producere a
pastelor de lipire dispensabile din pudra de sticla

e Sticlele de lipire trebuie precis distribuite

e Componentele sunt inchise in camere vidate sau in mediu
de gaz protector

e Carcasele trebuie sa indeplineasca conditiile de rezistenta
mecanicd i etanseitate adecvate in momentul incapsularii
(acestea pot fi specificate functie de aplicatie).

Investigatiile experimentale

Pentru demonstrarea utilitdtii procedeului de imbinare au
fost utilizate carcase cu corpul de baza din oxid de aluminiu /
ceramica (Al,O3) si placa de sticla D 263 si respectiv doua placi
de sticla D 263 [6] precum si sticla de lipire turnata si preparata
special. Aliajul de lipire investigat, vezi Tabelul 1, a prezentat
coeficientul de dilatare termica adaptat pentru materialele ce
urmau sa fie imbinate.

Objective

In order to close ceramic/glass housings for surface- mounted
devices (SMD in microelectronics) and to manufacture liquid-
crystal displays, the following demands on a suitable joining
process are derived from the experience gathered by the user
companies:

e The temperature load in the housing must be lower than
the soldering temperature (max. 350°C)

e The heat input into the joining zone must be very precise
locally and must be controlled with regard to time

e Adequate flowing and wetting at a sufficiently high
soldering temperature and with the necessary viscosity of 10*
to 10° dPas must be guaranteed

e Techniques to produce dispensable, glass-solder powder-
based glass solder pastes must be developed

e The glass solders must be accurately dispensed

e Components are closed in a vacuum or shielding-gas
atmosphere

e The housings must exhibit adequate mechanical strength
and leak tightness when they have been closed (this can be
specified according to the application).

Experimental investigations

Solder-glazed housings consisting of an aluminium-oxide/
ceramic base body (Al,03) and a D 263 flat-glass pane or two
flat-glass panes made of D 263 [6] as well as specially prepared
solder-glass mouldings were to be used in order to prove the
suitability of the joining process. The investigated solder,
Table 1, possessed the thermal-expansion adaptation necessary
for the materials to be joined.

Tabelul 1. Caracteristicile sticlelor de lipire studiate/ Table 1. Characteristics of the investigated solder glasses

sticla de lipire/ solder glass GL1 GL2 GL3 GL4 GL5 GL6
tip sticla/ glass type G017-393 G018-003 G018-097 G018-113 G018-114 Ferro 2004
producator/ manufacturer Schott Schott Schott Schott Schott Ferro
coeficientul de dilatare termicd/ coefficient

6,5 6,6 6,4 6,1 6,11 6,5
of thermal expansion [10° K''] ’ ’ ’ ’ ’ ’
temperatura.de transformare/ 120 315 124 123 317 336
transformation temperature [°C]
temperatura de incheiere/ closure 425 425 425 420 430 440
temperature [°C]

Figura 1. Structura microscopica a pulberii de sticla de lipire (a) in
comparatie cu pulberile metalice de lipire (b) /
Figure 1. Particle structure of the glass solder powder used (a) in
contrast to metallic solder powders (b)

Pentru a putea caracteriza sticlele de lipire mai precis, au fost
efectuate investigatii de umectare pe sticla si materiale ceramice
si au fost evaluate zonele de granita. Sticlele de lipire cu

In order to characterise the glass solders more precisely,
wetting experiments on glass and ceramic materials with
subsequent evaluations of the border zones were conducted.
The glass solders with adapted thermal expansion coefficients
delivered solder-substrate transition zones, which were free from
fissures and not particularly porous.

In contrast to adhesives or metallic solder pastes, glass solder
pastes contain sharp-edged glass particles, as shown by the
REM-photographs in Figure 1.

Due to the correspondingly strong abrasive effects created by
the glass solder pastes, a quasi-volumetric compressed air dispenser
type VK 30 was used to conduct the solder application tests. Such
dispensers consist of a cartridge that is equipped with a dispensing
needle at the lower end. In contrast to other dispensing systems
that are working on the basis of a mechanical piston or spiral
conveyor system, compressed air pushes the proportioned medium
out of the cartridge over a pre-determined period of time [7].
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coeficientul de dilatare adaptat au produs zone de tranzitie
lipitura-substrat ce nu au prezentat fisuri si nu au fost deosebit
de poroase.

Spre deosebire cu adezivii sau pastele de lipire metalice,
pastele de lipire din sticla prezinta particule de sticla cu margini
ascutite, cum s-a observat in fotografiile REM, figura 1.

Din cauza efectului abraziv puternic produs de pastele de
lipire din sticla a fost utilizat un distribuitor cvasivolumetric pe
baza de aer comprimat, tip VK 30, pentru experimentele de lipire.
Un astfel de distribuitor consta intr-un cartus ce este echipat cu
un ac de distribuire in zona inferioara. Spre deosebire de alte
sisteme de distribuire ce functioneazd pe baza unui piston
mecanic sau bazat pe un conveior spiralat, aerul comprimat
impinge mediul dozat afara din cartus intr-un timp predeter-
minat [7].

Procesul de dozare este subiectul unui numar de parametrii
care depind de sistemul de distribuire utilizat si de proprietatile
pastei de lipire. Procesul de distribuire este in plus influentat de
parametrii independenti de sistem ce au impact asupra cantitatii
de material distribuita, iar acestia sunt:

- micro-tubul (diametrul interior)

- distanta de la micro-tub la substrat (inaltimea Z)

- viteza de dozare

- viscozitatea pastelor si dependenta acesteia de
temperatura.

Latimea liniei functie de diametrul acului
si presiunea de dozare/
Line width in relation to needle diameter
and proportioning pressure
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The proportioning process is subject to a number of
parameters which themselves depend on the dispensing system
used and the properties of the individual paste. The dispensing
process is furthermore influenced by systemindependent
parameters which have an impact on the amounts dispensed,
such as:

- tubule (interior diameter),

- distance from the tubule to the substrate (Z-height),

- proportioning speed,

- viscosity of the pastes and their temperature dependence.

The smallest controllable line width was found to measure
0.4 mm. Thinner tracks with widths down to 0.2 mm were also
realised but turned out to favour the generation of gas and air
bubbles and agglomerates in the paste with adverse affects for
quality and reliability of the proportioning process. The
representations in Figure 2 are showing an example for the
established proportioning characteristics.

In addition, significance was attached to the absorption and
transmission behaviour of the materials under investigation.
For this purpose, the transmission in the wavelength range from
1,000 nm to 25,000 nm was determined on Al,O5 ceramic, on
the D 263 glass and on sintered solder-glass mouldings. It was
possible to establish that the A 1,05 ceramic and the solder glasses
exhibited transmission behaviour of almost 0% in the
investigation range and consequently high absorption

Latimea liniei functie de Tnaltimea
de dozare si presiune/
Line width in relation to proportioning height
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Figura 2. Comportarea dispersorului functie de parametrii de dozare/

Figure 2. Dispensing behaviour in relation to proportioning parameters

Latimea controlabild cea mai mica a fost determinata la
valoarea de 0,4 mm. Au fost realizate de asemenea si linii mai
inguste de pana la 0,2 mm, dar s-a renuntat la acestea deoarece
s-a observat ca favorizeaza producerea de gaz si a bulelor de
aer ce se aglomereaza in pasta de lipire cu efecte nedorite asupra
calitatii si fiabilitatii procesului de dozare. In figura 2 este
prezentat un exemplu pentru caracteristicile procesului de
dozare.

In plus, s-a luat in considerare importanta proprietitilor de
absorbtie si transmisie a materialelor investigate. Pentru aceasta,
a fost evaluata transmisia pentru lungimi de unda cuprinse intre
1000 si 25000 nm pentru materialul ceramic pe baza de Al,O4
ceramic, pentru sticla D 263 si pentru sticla de lipire sinterizata
si turnata. S-a observat ca materialul ceramic pe baza de Al,O5
si sticlele de lipire prezintd un coeficient de transmisie de aproape
0% 1n domeniul investigat si bineinteles un coeficient de
absorbtie foarte mare. Sticla D 263 a fost aproape transparenta
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behaviour. The D 263 glass was nearly transparent for the laser
radiation with the wavelengths of A = 0.810pum and A = 1.064pm
but laser radiation with the wavelength of A = 10.64pum was
absorbed completely by the glass. On the basis of this behaviour,
the solder glass could be heated either directly, Figure 3, or
indirectly, Figure 4.

Derived from the objective, the laser-beam integration into a
heatable container constituted a central investigation point,
Figure 3. An experimental bench in which it was possible to
adapt a heatable vacuum chamber for the melting-on and
soldering investigations was set up. In this respect, the solder
glass joint was to be achieved by means of indirect laser-beam
heating, Figure 4. The JOL-S40 diode laser (Jenoptik Laser, Optik,
Systeme GmbH) was chosen as the laser system for the following
reasons:

* The diode laser and the possibility of focusing the laser
beam in a line exerted a positive effect on the melting-on of the
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la lungimile deunda A = 0,810 um si A = 1,064 pum, dar radiatia
laser cu lungimea deunda A = 10,64 um a fost complet absorbita
de sticla. Pe baza acestor rezultate, sticla de lipire poate fi incalzita
fie direct, figura 3 sau indirect, figura 4.

Derivata din acest obiectiv, integrarea fasciculului laser intr-
un container ce poate fi incélzit a constituit un punct central al
investigatiilor, figura 3. A fost realizat un banc experimental in

Figura 3. Incilzirea directa prin absorbtie si conductie termica in
materialele investigate/
Figure 3. Direct heating by means of absorption and thermal
conduction in the materials to be investigated

care a fost posibil sa fie adaptatd o camera de vid pentru
experimentarile de topire si lipire. Astfel, imbinarea cu ajutorul
sticlei de lipire a fost realizata fie prin incalzire directa cat si
indirecta cu fascicul laser, figura 4. Sistemul JOL-S40 laser cu
dioda (Jenoptik Laser, Optik, Systeme GmbH) a fost ales ca
sistem laser din urmétoarele motive:

» Laserul cu dioda si posibilitatea focalizarii liniare a
fasciculului a avutun efect pozitiv asupra topirii lipiturii. Aceasta
a dus la reducerea formarii de pori si fisuri.

» Rezultatele obtinute cu laserul dioda sunt comparabile cu
cele obtinute cu laserii Nd: YAG. Datorita rezultatelor pozitive
ale investigatiilor, producatorii de sticla de lipire au intentionat
s proiecteze si sa realizeze o instalatie pentru a integra un laser
Nd:YAG in incinta.

Tabelul 2. Caracteristicile laserului cu dioda JOL-S40/
Table 2. Performance data of the JOL-S40 diode laser

putere laser/ laser power w 0...40
lungime de unda/ wavelength nm 808
diametru minim al petei focale/ um 600
minimum focus diameter

dimensiunile minime ale petei focale mm Ix12
liniare/ minimum linear focus

lungimea pulsului/ pulse lengths ms ...cw 100
gradul de stabilitate/ stability % +1

» Datoritd mobilitatii si compactitatii sale, laserul cu dioda
poate fi atasat relativ facil la o fibra optica si respectiv la un cap
optic laser precum si la circuitul de récire cu apa intern in
containerul instalat ferm.

solder. This resulted in a reduction in the formation of pores
and cracks.

* The results with the diode laser are comparable with those
obtained with Nd:YAG lasers. Subject to a positive outcome of
the investigations, the solder manufacturers intended to design
and set up an installation in order to integrate an Nd:YAG laser
into a container.

Figura 4. Incilzirea indirecta prin transmisie prin materialul
investigat, precum si absorbtie si conductie termicd in
sticla de lipire/

Figure 4. Indirect heating by means of transmission through
the material to be investigated as well as absorption and
thermal conduction in the solder glass

* Because of its mobility and compactness, the diode laser
could be assigned relatively easily to the fibre-contact laser
head and to the internal cooling-water circuit to the firmly
installed container .

porozitate/porosity [%]

0 2 4 6 8 10 12 14
putere/power P [W]

Figura 5. Evaluarea porozitatii functie de puterea fasciculului laser
(sinterizarea sticlei de lipire in atmosfera normala si topire cu
fascicul de electroni in atmosfera de azot)/

Frigure 5. Porosity assessment depending on the laser power
(sintering of the solder glass in a normal atmosphere and laser
melting-on in a nitrogen atmosphere)

Table 2 shows the performance data of the diode laser.

The laser power at which the solders were glazed on to the
D 263 glass was determined with a constant beam action time.
The porosity of the solder glass melted on to the D 263 glass,
the location of the highest energy input, was established in
order to assess the glazing-on quality, Figure 5. In principle, it
was possible to register an increase in the porosity at higher
laser powers. In this respect, the porosity in the solder glass was
influenced not only by the sintering conditions during the
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Tabelul 2 arata caracteristicile laserului-dioda.

Puterea laserului la care au fost glazurate lipiturile pe sticla
D 263 a fost produsa prin actiunea constanta a fasciculului la-
ser. Porozitatea sticlei de lipire topite pe sticla D 263, pozitia cu
energia introdusa cea mai mare, a fost estimata pentru a evalua
calitatea glazurdrii, figura 5. In principiu s-a observat o crestere
a porozitatii la puteri mai mari ale fasciculului laser. Astfel,
porozitatea in sticla de lipire a fost influentata nu numai de
conditiile de sinterizare, in procesul de fabricatie al
componentelor turnate pentru lipire, dar si de parametrii
fasciculului laser si de parametrii de proces in timpul topirii cu
fascicul laser.

Figura 6. Schema instataliei cu laser/
Figure 6. Set-up of the laser preparation station [7]

Statia laser de pregatire ce a fost realizata la firma Schott
(Departamentul de Incapsulari Electronice, Landshut) in perioada
derularii proiectului, figura 6, a fost utilizata pentru investigatiile
de ,sigilare” a carcaselor. Aceasta statie de lucru a avut in
componentd, pe langa laserul Nd: YAG transmis prin fibra optica,
liniar pe doua axe, si un recipient incalzit. Integrarea unei camere
video in recipient a permis observarea procesului de lipire. Ca si
0 optiune, a fost posibila si integrarea unui laser-dioda.

Experimentarile de ,,sigilare” a carcaselor au fost efectuate
pe corpuri cu material de baza ceramic glazurat pe baza de Al,O4
sau din sticla D 263 cu sticla de acoperire D 263 (dimensiuni:
10mm x 20mm x 1mm, grosimea stratului de lipire: 100 pm). In
cazul carcaselor din material ceramic pe baza de Al,O;, puterea
fasciculului laser necesara pentru incapsulare a fost de 16W cu
laserul-dioda JOL-S40. Pentru carcasele din sticla D 263, a fost
suficienta o putere de 10W pentru realizarea imbinarii. Viteza
optima de avans determinata a fost de Imm/s. Conductivitatea
termicd a materialelor (24 W/meK pentru Al,O5 si 1,2W/meK
pentru D 263) determina puterea fasciculului laser.

Corpurile carcaselor rezultate in urma experimentarilor au
prezentat caracteristicile necesare: rezistenta mecanica $i
etangeitate. Porozitatea imbinarilor lipite a fost cuprinsa intre
1,6 51 14,7%, figura 7.

Concluzii

Corpurile carcaselor fabricate din material ceramic pe baza
de Al,O5 si sticla D 263, ce pot fi utilizate in electronica si
microtehnologii, pot fi imbinate cu succes prin lipire cu fascicul
laser utilizand sticle de lipire cu coeficient de dilatare adaptat.
A fost posibil sa se demonstreze acest lucru, cu urmatoarele
afirmatii:
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manufacture of the solder mouldings but also by the laser beam
and process conditions during the laser beam melting-on
operation.

The laser preparation station which was created at Schott
(Electronic Packaging Division, Landshut) during the project
period, Figure 6, was used for the investigations into the housing
closure. This station consisted not only of a fibre contact
Nd:YAG laser which was guided linearly in two axes but also of
a heatable container. The integration of a camera into the
container allowed the soldering process to be observed. As an
option, it was possible to integrate a diode laser. The closure
investigations were conducted on glazed base bodies made of

Figura 7. Sectiunea transversald a unei carcase dupd ,,sigilare” prin
lipire cu fascicul de electroni (jos: sticla D 263,
centru: sticla de lipire GL1, sus: sticla D 263; presiune gaz de
protectie (azot): 1bar; temperatura de polarizare 333°C;
putere laser: 10W; viteza de avans: 1mm/s)/

Figure 7. Transverse section of a housing when it has been closed
by means of laser-beam soldering (bottom D263 glass,
centre GLI solder glass, top D263 glass, shielding-gas

pressure(nitrogen): 1bar, bias temperature: 330°C,
laser power:10 W, advance speed: 1 mm/s)

A1,0;5 ceramic or D 263 glass with cover glasses made of D 263
(dimensions: 10mm x 20mm x 1 mm, thickness of the solder
coating: 100 um). In the case of housings with base bodies
made of Al,O5 ceramic, a laser power of 16W was necessary for
the encapsulation using the JOL-S40 diode laser. With base
bodies made of the D 263 glass, a laser power of 10W was
sufficient for the joint formation. It was possible to determine 1
mm/s as the optimum advance speed. The thermal conductivities
of the materials (24 W/(m*K) for Al,O; and 1.2W/(m*K) for D
263) are responsible for the differences in the laser powers.

The housing bodies resulting from the investigations
exhibited the necessary leak tightness and mechanical strength.
The porosity of the soldered joints was between 1.6 and 14.7%,
Figure 7.

Concluding remarks

Housing bodies made of Al,O5 ceramic and D 263 glass, as
may be used in electronics and microtechnology, can be joined ‘@
successfully by means of laser-beam soldering using expansion- ——o
adapted solder glasses. It was possible to demonstrate that, in =3
this respect: @
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e procesul de preparare a pastei de lipire influenteaza decisiv
rezultatul lipirii

e lungimea de unda a fasciculului laser si coeficientul de
absorbtie respectiv transmisie al lipiturii §i al materialelor
componente sunt cruciale pentru proiectarea componentei
specifice si a dispozitivului experimental de implementat

e preincélzirea componentelor minimizeaza riscul de aparitie
aporilor si fisurilor

o sigilarea” utilizand fascicule laser in vid sau in atmosfera
de hidrogen are un efect pozitiv asupra rezultatului procesului
de lipire in functie de compozitia si modul de pregétire a aliajului
de lipire.

Referitor la investigatiile privind integrarea fasciculului laser
intr-un recipient, s-a demonstrat pe componente fabricate din
D 263 si cu sticla de lipire GL1 ca este posibil sa se fabrice
imbinari fara fisuri, cu porozitate redusa (mai putin de 5%) si
etanse la testul cu He. Investigatiile comparative pe material
ceramic pe bazd de Al,O5 au aratat céd procedeul de lipire cu
fascicul laser este puternic dependent de material. In concluzie
nu poate fi transferat direct la alte materiale, iar parametrii de
aplicare a procedeului de lipire cu fascicul laser utilizand sticle
de lipire se extind la: domeniul incapsularii carcaselor
elementelor electronice sensibile, in fabricarea ecranelor cu
cristale lichide precum si in domeniul producatorilor de laseri.
A fost posibil sa fie deschis un nou domeniu de aplicare al
laserilor-dioda.
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o the solder preparation has a decisive influence on the
soldering result,

e the laser wavelength and the absorption by or the
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o the closure using laser beams in a vacuum or nitrogen
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manufacture crack-free, low-porosity (less than 5%) and
helium leakproof soldered joints. Comparative investigations
on Al,Os ceramic indicated that the laser soldering process is
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application possibilities of the laser-beam soldering process
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up an additional field of application for the diode laser.
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