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Development of glass frit free metallization
systems for AIN

A. ADLARBNIG, J. C. SCHUSTER
Institut fur physikalische Chemie, Universitat Wien, Wéhringerstr. 42, Wien, Austria

R. REICHER, W. SMETANA
Institut fur Werkstoffe der Elektrotechnik, Technische Universitdt Wien, Gusshausstr. 27-29,
Wien, Austria

Currently only glass bonding thick film conductor systems are commercially available for
metallizing AIN-ceramic. The glass phase formed between metallization and ceramic
impairs the high thermal conductivity of AIN. A new glass frit free metallization system has
been developed utilizing the bonding mechanism of active brazing to provide the adhesion
of metallization onto the ceramic. Aspects of paste preparation range from the derivation of
the metallic powder to the selection of an appropriate printing vehicle which must
decompose completely during the firing process under an inert atmosphere. The adhesion
strength of the new paste system with the alternative bonding mechanism has been
evaluated and contrasted with that of standard thick film pastes. © 1998 Kluwer Academic
Publishers

1. Introduction 4. The adhesion of the as printed layer onto the ce-
Because of its high thermal conductivity aluminium ni- ramic must be sufficient to allow handling further pro-
tride has been proved as a very competitive substrateessing.

material for power electronics applications. A range 5. After firing the printed layer must be well bonded
of standard thick film pastes are available for the metto the substrate in order to assure device integrity and
allization of ceramics. Glass frits or different oxides reliability.

which are added to thick film conductor pastes are re-

sponsible for the adhesion of metal film on conventionalTo meet these requirements thick film pastes are synthe-
alumina substrates. Unfortunately, only glass frit con-sized from solid state metallic powder(s) having particle
taining pastes are suitable for applications onto AIN-sizes< 3 um and suitably chosen alloy compositions,
ceramic substrates. The advantage of high thermal coras well as an organic carrier consisting of a polymer in
ductivity will be affected by the glass phase acting asa suitable solvent, a plasticizer, and a wetting agent.
interlocking layer. Up until now no chemical bonding
thick film conductor system for AIN has been avail-
able which would provide an interface of low thermalcf

) h f ) h . Synthesis of the metallic powder
resistance. In the course of ongoing research regargy giass free thick film metallization systems the metal-

ing the nature of the thermal barrier occurring at thejic hhase itself must bond to the substrate ceramic after
ceramic/metal interface, AIN ceramics had to be mety;jng Using the CuAg eutectic as the base alloy for AIN
allized using screen printing technology. With the goalyot4jization, addition of Ti (or Zr, or Hf) results in an
of finding metallization systems resulting in smaller ;iarfacial reaction yielding TiN angTisCuw,AIN o 7 as
thermal resistance, a glass frit free thick film paste Wa$yonding phases [1, 2, 3]. To be suitable for sereen print-

developed. o _ing applications the alloy must be prepared as powders
A ;wtable screen printing ink must meet following having< 3 xm particle size.
requirements: Ti doped (up to 5at %) CuAg eutectic alloy having
such particle size as well as narrow size distribution
1. It must be printable. Therefore, the viscosity were obtained as follows:
under shear must be below a critical value. The intermetallic compound JCu3 was synthesized
2. The printed and fired metallic layer must be suf-from Ti (purity: 5n) and Cu (purity: 4v) ingots (both
ficiently thick to provide high electrical conductivity. from Johnson Matthey GmbH Alfa Products, Karls-
Therefore, the solid particle content of the paste shoulduhe, FRG) by arc melting under pure argon followed
be as high as possible. by heat treatment for alloy embrittlement (sealed in
3. The printed pattern must not bleed in order toevacuated quartz tubes at 8@for 600x 10° s). Af-
achieve high resolution. This requires a high yield stresser water quenching th2 g utton was crushed and wet
oo and an average particle size below . milled in several runs under ca. 5 ml diethylene glycol
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ok 100 printing stage, but must be removed during initial pe-
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35888 3 riod of fi(ing stage. Because Cu whiqh i; part of apaste

R = D T km  composition is not stable upon heating in an oxidizing
160 SURFACE AREA ea9smve  atmosphere and firing mustdone underinertor reducing
g wo%DIAMETER  39507.m  CONditions, a high molecular weight polymer (control-
g 75.0%DIAMETER  29.655um  |ing the ink viscosity for keeping the metal powder(s)
68 | dispersed and providing the required thixotropy) was
R L1 selected, which decomposes completely into gaseous

species in non-oxidizing atmosphere: polyacrylic acid

prgns aygeax 160 (PAA) with a molecular weight ¥1) from 50 000 to

100000 (obtained from Fluka AG, Buchs, Switzer-
Mo TR 0 b land). This polymer was f.ou.nd |'nsoluble in elthfer of the
SURFACE AREA ssam¥g  MOSt common screen printing ink solventgerpineol
90.0%DIAMETER 0918 um or t-butanol. However, Hildebrandt parametes} ¢f
750%DIAMETER  0520pm  PAA are listed [5] and range from 19.4 to 29.7 MPa
— ] in liquids having a strong tendency to form hydrogen

bonds, and range from 18.2 to 22.1 M#an liquids

with medium tendency to form hydrogen bonds. This

was used as guide to select liquids to be screened as
MEDIAN DIAMETER ~ 1.368 um solvents for PAA. The solubility of PAA was tested in
SURFACE AREA — oarmig  Mass ratios 1:10 (2g PAA in 20g solvent) and 1:15
0% DIAMETER 0527 um (1.33 g PAAINn 20 g solvent) at room temperature and at
90.0% DIAMETER 4,659 um 50°C (the temperature limit for PAA stability is 6C).

T 1 % The results are shown in Table I. The polymer solu-
L1l tions obtained were characterized with regard to the
Figure 1 Particle size distribution analysis forsGus-powder: (a) after thixotropy coefficient {r) using a rheometer (Model
wet milling; (b) after centrifugation and for AgCuo4Tix; () derived ~ RN€Olab, from Paar-Physica, Stuttgart, FRG). The thus
by polyol process. “predissolved” PAA could be brought inte-terpineol

and be dissolved therein.

. The main additives to improve the rheology of the ink
(DEG) in a WC-mortar (type MS from Verder-Retsch e plasticizer and surfactant. The plasticizer is thought
GmbH, Haan, FRG). Mean particle size as well as siz§q reqyce the stiffness of the polymer by modifying the
distribution was controlled after each milling run us- wetting between the polymer and the solvent. Thus the
ing a centrifugal particle size analyser (Model SACP-¢qefficientB of the van't Hoff equation for the osmotic
4 from Shimadzu, Kyoto, Japan). Upon reaching thepressurel‘[
milling limit (i.e. no significant size reduction from one
milling step to the next) the powder had a mean particle M=RT¢M + B (1)

size of> 10um and a broad particle size distribution_ (whereRis the gas constari,the temperature aruthe

;tkoncentration) was used as a criterion to identify poten-
: ; R tial plasticizers, becaus® depends on the interaction
rated by centrifugation (3000 r.p.m.’8, 240 s). The between polymer and solvent and thus characterizes the

remaining suspension containedCis powder having solvent with re
X ; . ; gard to the polymer [6]. Because of lack
gérei?g dpaarlt.ICI%tSSIZ((B) fbﬁ:?s""ggn éi'sg.;]b; chths‘;Jrl]t;bg E Gof comprehensive data compilations fdrvalues were
Iqu IS susp ] : il .~ ~estimated from data for the Hildebrandt parameter [5]
as well as Cu(ll)acetate (purum; from Sigma-Aldrich using
GmbH, Wien, Austria) was added and heated under re-
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120 ml DEG and the coarse particle fraction was sep

fluxin order to reduce the salt to the metal in a so called 1 2\ 1/2
“polyol process” [4]. Upon precipitation of the “inter- B~_—|db—(5]) 9 (2)
. i i . 27 3
mediate phase” (IP) Ag(l)acetate (purum; from Sigma-
Aldrich GmbH, Wien, Austria) suspended in DEG was
added dropwise. The total metal content was 0.1 mol@ABLE | Solubility behaviour of PAA in various solvents
per_250 ml DEG. _The reaction was allowed to contlnueSOlvem: s(MPa’2  Solubility of PAA o
until a clear solution above a metallic sponge occurred:.
The TixCu 4Ado.s powder obtained after hot filtration, «-terpineol 18 Unsoluble
washing and drying (at 6@) had a mean patrticle size t-butanol 21.7 Unsoluble
<2 um (Fig. 1c) and thus was suitable for screen print-PEG 200 26.3 D'f;%'vgd fatlt R2T4ar:tef 24h; 7.0
. . . at 50°C after
ing ink preparations. Ethanol 26.6 Dissolved at RT after 24 h; 1.48
at50°C after 1h
Methanol 29.7 Starts to swell at RT

3. Selection of the organic vehicle after a certain time

components DEG 29.9 Dissolved at RT after 24 h; 5.84

. T at 50°C after 2.5h
The organic components of a screen printing ink P'Otiyieneglycol  32.9 Unsoluble

vide the processing properties necessary during the
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wheredp is the dispersive term of the Hildebrandt pa- TABLE Il Standard ink compositions
rameter andp is the polar term of the Hildebrandt

Ink #1 Ink #2
parameter.
All readily available liquids, which had a high calcu- Component: (Wt %)
Ik;’;lted B vallue, ;/vgrlg testgcj fo_r S_UIta,l,blllty a:_;praTul(ilzersPAA:DEG 1:10) 131 -3
y asimple solubility and “painting” test. Dibutylphata- , orpineol 12.9 145
late (DBP) is soluble, does not precipitate PAA from wmetal powder 60.7 67.9
the solution, produces a shiny surface upon paintingpspr 5.4 5.9
the mixture, and was thus selected as plasticizer. t-butanol 7.9 4.4

Surfactants are additives, which should reduce thée
interfacial tension between the organic vehicle and the

metal particles. Literature repeatedly mentions the use; .
fulness of surfactants [7, 8], but does not mention sp::t-he metal powder, and betweedutanol and the 1: 10

cific substances. Starting from the consideration, tha't:)'/'\A in DEG polymer solution should be kept constant.
interfacial tension reducing agents should have them-

selves a low surface tension, literature data on the sur- o

face tension of liquids [9] were screened. Of the liquids®: Performance of metallization

with the lowest values listed, isopentanehexane, and -1 EXperimental/Preparation of

t-butanol, only the last was soluble danterpineol and . metalllzatlpn p_?‘ds .
thus was selected. Besides the printability of the paste formulation

the adhesion of the resulting metallization onto the
AIN-ceramic is a significant criterion which must be
4 p . fth inting ink considered with regard to evaluate the suitability of
T'h rﬁpﬁra tlr?n 0 i etsc][et(;n prll_rgj 'nr? Ik the | kthe glass frit free AgCuTi-metallization system as an
€ higher the content ot the Solid phase In the INK,5;te mative to the conventional glass bonded thick film
”‘? better is the density and homogenglty of_the SCr€€Hastes. The adhesion strength of metallizations is usu-
prlr_wted pattern. On_ th? other hgnd, dlspersmn_ of f".] lly determined by means of the so called nailhead test.
solid particles in a liquid phase increases the ViSCOSity- . yis hyrpose nail-head pins are bonded to the surface
i expo_nentlfa_lly W'th.the fFaC“O” of solid [101' T(.) a5 of metallization pads whose bonding strength should be
sure printability the viscosity mustbe60 Paslimiting  55vsed. A pulling force is applied on the pins and con-
tEus_ tEeFmaélmrl]Jm frag:non .Of solid phase a}cceptabl_e Irfinuously increased until failure occurs. Provided that
the Ink. Fig. 2 shows viscosity versus metal contentin gy, o eta|lization is lifted off, the measured force can be

squthn of 1.2 mass % PAA ia-terpineol. Within the assigned to the adhesion strength of the metallization.
coordinates metal powder/polymer-solvent the highest In order to realize the metallization pads required

m?t?l powdert' c_o_nter;)t (t)f 63 n?)ais %dvila; obseg\//egpfqror adhesion testing the ink composition #1 (Table I1)
solutions containing between 0.4 and 1.9 mass % PAA, 55 hean selected for this application. The considered

]:I'h(ta ac:dltlon OtI %Btp as plast|5|§(1erandli_>gtaﬂol asfsur-t_ aste was applied onto AIN-substrates by a conven-
actant permitted 1o Increase the solid phase acliolyq | sereen printing process utilizing a 200 mesh

close to 70 mass %. Table Il gives two optimized "stan stainless steel screen coated with a.80thick capil-

dard” ink compositions resulting from these series ofj,, jm stencil (Murakami, Japan). In order to achieve a

experiments. The two last mgnt|oned components argijree continous metallization the paste was applied
essential for the quality of the ink. It was found,thatthein three layers. Each layer was dried and fired seper-
ratios between DBP angterpineol, between DBP and ately. The total thickness of fired metallization varied

between 80 and 100m. The extraordinary layer thick-
ness provides to determine either the adhesion of the
metallization onto the ceramic or the cohesion within
i the metallization.
s After printing the paste layers were initially levelled
at room temperature for few minutes and dried at@5
1.0 for 10 min in a drying furnace. Firing the samples has
£ been carried out in a conventional thick film furnace
: ! under an argon atmosphere with a maximum oxygen
B content of 15 vol p.p.m. at a peak temperature of
10 | i e —— 850°C. In comparison to the standard heat profile of
the conventional thick film process the total cycle time
15 b has been increased from 60 min to 180 min and in
consequence also the dwell time at peak temperature
3.0 L i i from 10 min to 30 min.

1] [ 11] i} a0 40 k11 Bl

Yiscosity {Fas)

Copper Powder (g)
in

Figure 2 Change of viscosity) with increasing metal powder content 5.2. Bondmg Strength . .
in the ink (polyol derived Cu, mean particle size 2,a8; dispersedin ~ 1he pull tests have been conducted with metalliza-

solution of 1.2 mass % PAA ia-terpineol). tions realized by our experimental glass frit free
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AgCuTi-conductor composition, as well as by com- sphere (dwell time at peak temperature: 10 min, total
mercially available glass frit containing copper pastescycle time: 60 min). Epoxy precoated aluminium nail
for comparison purpose. In contrary to our glass frithead pins were bonded on the surface of the metalliza-
free conductor paste the copper pastes were fired at thi®n pads. The test samples were inserted in a pull tester
standard thick film heat profile under nitrogen atmo-and the pulling force at bonding failure determined.
The pull test yields an adhesion strength of the
AgCuTi-metallization which is comparable to that of
different glass bonded copper pastes (Fig. 3). The ex-
cellent adhesion of metallization is also documented
by scanning electron microscope (SEM) photographs
. (Fig. 4) of the lifted-off nail heads and the correspond-
ing area of the metallized AIN-substrate where the studs
have been attached. The metallization could not be re-
moved from the substrate by the applied force. It must
. be supposed that the adhesion strength of the metalliza-
tion is quite higher as recorded in the graph of Fig. 3.
. Actually, the tensile strength might be limited by the
T bonding strength of the epoxy glue. This fact may be
related to irregularities of the surface profile of the met-
allization whichimpedes an uniform glue wetting of the
Hemes SHAS Db Pt B0 N Ar pads.
DuFant $153 ghacss Frit Trew paste The high adhesion strength must be related to the
Figure 3 Adhesion strength commercially available glass frit containing development -Of TI enriched Iaye_rs at the interface be-
copper pastes and experimental glass frit free AgCuTi-paste (contalinin%;Ween metallization a_nd ceramic. Th_e_ Strucwr? and
2.5at% Ti, firing temperature 85, dwell time 30 min) fired under ~ (N€ Morphology of the interface comprising such inter-
nitrogen as well as under argon. locking Ti enriched layers between AgCu metallization

30

Adbesins Strength (N £y
s

epary ghee -8

meialEratios

(b)

Figure 4 SEM micropraph of (a) nail head and (b) corresponding AIN-substrate area after exposure to pull test (paste containing 2.5 at % Ti, firing
temperature 850C, dwell time 30 min, firing atmosphere argon).
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(b)

Figure 5 SEM micropraph of (a) nail head and (b) corresponding AIN-substrate area after exposure to pull test (paste containing 2.5 at % Ti, firing
temperature 850C, dwell time 30 min, firing atmosphere nitrogen).

and aluminium nitride ceramic have been detected in &. Conclusion
transmission electron microscope (TEM) by Carim andThe development of the glass frit free thick film met-
Loehman [1] who studied the reactive bonding mechaallization system depends on the activation of an al-
nism of titanium doped metal foils and aluminium ni- ternative bonding mechanism between the metalliza-
tride. Based on this study it can be assumed that suction and the ceramic. The bonding mechanism which is
Tirich layers must have been already formed, althouglbased on an active brazing process operates only if paste
in a SEM—energy dispersive X-ray (EDX) analysis wefiring is conducted in another inert atmosphere but in
could not detect any Ti enrichment at the interface. Itnitrogen. The results of the pull test have shown an ad-
must be supposed, that these interfacial reaction prodiesion strength of metallization comparable with that
uct layers were too thin{ 2 um) to be identified by achieved with glass fritted standard thick film pastes.
SEM-EDX. The electrical characteristic as well as solderability of
For comparison purpose the screen printed AgCuTmetallization will be further topics of investigations.
paste has been fired also under nitrogen atmosphere.
The pull test carried out with these samples results only
in a poor adhesion strength of the metallization, whichacknowledgement

is also reflected in the compiled data of the graph inThe authors are very indebted to the Fonds zur
Fig. 3, as well as documented in the SEM photographgsrderung der wissenschatftlichen Forschung for the fi-

of Fig. 5. Evidently under the nitrogen atmosphere thénancial support of this project (Project: P 10304-PHY).
dispersed Ti particles react already with the surround-

ing atmosphere and TiN is formed. Consequently the
driving force for the Ti diffusion towards the interface
A . . References
between metallization and the ceramic, responsible for; , . carim andr. E. LOEHMANN, J. Mater. Res5 (1990)
adhesion strength, is lost. 1520.
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