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Temperature formation modes influence on the electric parameters and operational
characteristics thick-film elements made of nanocomposite system “"glass — Ag-Pd” are
investigated. The manufacturing techniques are described, thick-film elements optimum
modes manufacturing are determined. The developed optical attachment for thick-film
element IR spectroscopy is described. The nanocomposites based on systems “glass —
Ag—Pd” phase structure changing at various formation temperatures was investigated by
IR-spectroscopy of reiterated total reflection method. Qualitative and quantitative chemical analy-
ses of conducting thick-film layers are carried out. Film spectra and structure are analyzed.

HccnenoBano BAUAHNE TeMIEPATYPHBLIX PEXUMOB (DOPMUPOBAHUS TOJICTOIIEHOUHELIX dJIe-
MEHTOB 43 HAHOKOMIIOBUTOB CHCTE€MBI cTeKJI0 — AQ—Pd" Ha ux sjaeKkTpuuecKue mapaMmerphl
U SKCILTyaTAlMOHHBIe XapaxkrepucTuku. OIMcaHa TEXHOJOTUS W OUPEIeNeHbl OUTUMAJIbHEIE
PEKUMBI M3OTOBJEHUA TOJICTOILIEHOUHBIX 2ieMeHToB. Onmcana paspaGoTaHHas ONTUYECKAsd
npucrasxa aad WK cleKTpocKoIMy TOJICTOILNIEHOUYHBIX 3JjeMeHTOB. Meromom HMK-cmexTpo-
CKOIIMY MHOTOKDPATHOTO IIOJHOI'0 BHYTPEHHEr0 OTPAXKEHU MCCJIeL0BAHO U3MeHeHue (PaszoBoro
CcOCTAaBA HAHOKOMIIOBMTOB Ha 6ase cucreMm crexyao — Ag—Pd” mpu pasinuubix Temmeparyp-
HBIX DpeMHUMaxXx Hpu ux GopmMupoBaHuu. IIpoBemeHbl KAYECTBEHHBI M KOJIMYECTBEHHBLIN
XUMUYECKHUI AHAJUS3BL IIPOBOLAILINX TOJCTOILIEHOYHBIX CJI0€B. AHAJIMBUPYIOTCA CIEKTPHI U
CTPYKTypa MJIEHOK.

Bnane TteMmepaTrypHHX PEKUMIB BimajJy Ha BJIACTHBOCTI rerepoasHUX HAHOKOMIIO-
3uTiB Ha 6asi cucrem "ckmo — Ag-Pd”. A.IJlenix, T.1.JIaspenosa, T.M.Byzaiiosa, H.I1.3a-
moscvra, I11.0.Crizyp.

HocnipKeHo BILIUB TeMIEPATYPHUX PEKUMIB (POPMYBAHHS TOBCTOILTIIBKOBUX €JI€MEHTIB 3
HAHOKOMIIOBUTIE cucreMu cKao — AQ—Pd” ma ixHi enexkrpuuni mapamerpu Ta eKCIIya-
Taniiigi BaacrusocTi. OnMcaHo TEXHOJOri TA BH3HAUYEHO ONTHUMAJNbHI PEMMMU BUIOTOBJICH-
HsS TOBCTOILIiBKOBuX esemeHTiB. Onmcano pospobiieHy OouTHYHY IpucTaBry aad 1Y cmexTpo-
ckolii ToBcromiriBkoBux enemeHtiB. Meromom IY-cuekTpockomii 6araTopasoBoro IIOBHOT'O
BHYTpPilIHbOrO BigOuBaHHS JOCHimmKeHO 3MiHY (PasoBOro CKJIAAy HAHOKOMMIO3UTIB Ha 0asi
cucrem ckia0 — Ag-Pd" upu pisHuUX TeMmepaTypHUX peKMMax IPU IXHbOMY (POPMYBAHHI.
ITpoBepeno sikicuuii i KinpKicHuil ximMiunmii aHanxisy IPOBOLANINX TOBCTOILIIBKOBUX IIIAPiB.
ITpoanasizoBaHo CIeKTPHU i CTPYKTYPY ILIiBOK.
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1. Introduction

Under preparation of thick-film conduc-
tors, contact platforms and hybrid inte-
grated circuits (HIC) collector elements and
solar batteries the nanocomposites based on
ceramics "glass — Ag—Pd” heterogeneous
systems are widely used [1-38].

However, as investigations show the
thick-film element quality is insufficient.
The HIC failure connected with the partial
or full conductors and contacts destruction
occurs already after 2.5—5 months from the
products operation beginning. It is estab-
lished, that principal causes the ceramic
substrate — contact platform — solder con-
tacts poor quality are the following: bad
thick-film layer adhesion to a substrate and
contact platform functional materials
strong dissolution in the solder melt. The
researchers have shown that it is connected
with the thick-film conducting layer struc-
tural — phase features. It has been estab-
lished, that formation of AgPd and Ag,Pds
intermetallic compounds under conducting
pastes annealing process densifies the struc-
ture and hinders the contact platform func-
tional material processes diffusion and dis-
solution in the solder melt. Besides forma-
tion in an initial matrix of the phases of
complex spatial structure such as Me(OH,)
blocks Sn diffusion in a matrix and hinders
dissolution of its other components (Ag, Pd)
in the solder melt. Formation of intermetal-
lic AgX—de compounds and solvate systems
is connected with initial components parti-
cles dispersiveness [4].

The authors [4—-8] mark, that the basic
contribution (80-90 % of the general num-
ber of failures) in occurrence of failures is
given by the defects caused by technological
processes. In [9] the low-resistance conduct-
ing layers production features technology
influence on their electrophysical charac-
teristics was investigated on the basis of
argentiferous pastes. Conducting layer spe-
cific surface resistances in a strong degree
depend on modes of drying and burning-in.
It is established, that the received layers
roughness and their quality in a strong de-
gree depend on the temperature speed in-
crease [9].

The questions connected with structural -
phase transformations in systems based on
"glass — Ag-Pd” during their manufactur-
ing (drying, annealing) are actual and open.
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2. Experimental

In the present work conducting thick-
film layers based on the heterogeneous ce-
ramics "glass — Ag-Pd” systems during
conductors and contact platforms formation
the composition change was investigated
with the purpose of finding-out its failure
possible reasons.

Conducting layers were made on the
basis of organic components: cyclohexanol,
lanolin, ethylcellulose in o-terpineol, petro-
latum and leadborosilicate glass with exten-
der from Ag, Pd particles. The particle sizes
were fixed and amount to: glass 0.5-1 pm,
conducting phase — 100-150 nm.

Conducting contact platforms were
formed by stencilling method on VK-94-1
ceramic substrates. Samples of two types
differed by manufacturing technological
modes were investigated: 1-st type — dry-
ing at 150°C, organic bond burning out —
3000°C, pastes burning in — 700°C; 2-nd
type — drying at 150°C, organic bond burn-
ing out — b500°C, paste burning in —
700°C. Heat treatment of all samples was
carried out in the normal conditions.

Infrared (IR) spectroscopy was applied,
mainly, at investigation of gases, and also
those liquids and firm bodies which are
transparent in IR-area of spectrum. Struc-
tures "glass — Ag—Pd” are non-transparent
for IR-radiation. However for creation such
films which have stable and reliable charac-
teristics the deep study of structural-phase
transformations during film formation at
its annealing, operation and storage is nec-
essary. Obtaining of experimental data
about similar processes nature meets a num-
ber of difficulties connected in one side
with traditional physical and chemical re-
search methods insufficient sensitivity, and
in another side — with the new methods
complexity.

In contrast to IR spectroscopy of trans-
mission in which there is a number of the
methodical restrictions caused by IR-radia-
tion dispersion by adsorbent and full IR-ra-
diation absorption by the adsorbent volume
phase, the method of reiterated total reflec-
tion (RTR), using the falling of a light
beam on a sample consisting of optical more
dense medium under an angle more thn
critical, i.e. under conditions of total reflec-
tion, allows to obtain the information on
films, adsorbed on firm body surface uni-
formity, phases, about the presence in films
uncontrollable impurity, promotes studying
surface layers formation procedure at vari-
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Fig. 1. The RFIR attachment optical circuit.

ous of temperature treatment modes and in-
fluence of an environment.

As IR method is nondestructive, rather
simple and sensitive enough, in the work
the attachment RFIR for spectrophotometer
IRS-14A was developed which was allowed
to investigate thin metals layers and com-
posite materials.

The attachment optical circuit is pre-
sented in Fig. 1. Light stream from IR-spec-
trophotometer illuminator comes to forward
flat mirror 1 and then to cylindrical mirror
2. With the help of these mirrors the image
of a source is formed on an entrance side of
the element 8 in a plane of the drawing and
on exit side for the plane, perpendicularly
to the drawing. After passage, the element
RFIR light gets on flat mirror 4 and then
with the help of toroidal mirror 5 the
source image is projected in the plane of a
photometric wedge. As RFIR spectra con-
trast depends first on number of reflec-
tions, in attachment the opportunity of the
number of reflections change is stipulated
within the limits of 5-50 reflections de-
pending on element RFIR which is used.

In the made attachment the total reflec-
tion element KRS-5 with the number of re-
flections equal to 10 is used. Such element
was picked up from reflection optimum
number necessary for metal film investiga-
tion (Table ).

In Fig. 2 IR RFIR spectra of the samples
after temperature processing (drying) at
T = 150°C are presented. Maxima with
A= 2850 cm™! and A= 2950 cm™!l testify
the presence of methylene groups CH, in
the films which perform symmetric
(A = 2850 ecm™1) and antisymmetric valent
oscillation. The small peak at A = 2870 em™!
corresponds to group CHj; symmetric valent
oscillation and respectively to antisymmet-
ric — at A = 2950 cm™~!. The fact that films,
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Fig. 2. IR RFIR spectra of samples, exposed to
temperature processing (drying) at 7' = 150°C.

Table Reflection optimum number for
some metals at A = 2100 cm™!
Metal Reflection optimum
number
Silver 6
Copper 4
Gold 3
Nickel 2
Platinum 2
The titan 1
Palladium 1

exposed under T = 150°C, contain fatty
substances components (for example, lano-
lin) justify the presence of maxima with
A = 1445 ecm™!, appropriate to deformation
oscillation of CHj3, and also peak with A =
1240 em™!, attributed to valent oscillation
of C—O-C in ethers and to the absence of
characteristic bands proper to replaced cy-
clohexatryene in A = 1667—-2000 ecm ! area.
Other maxima are related, basically, to the
various manner bounded water.

Under burning the organic bond in tem-
perature mode of T = 300°C the sample IR
RFIR spectrum character totally changes
(Fig. 3). The peaks appropriate to adsorbed
methyl, methylene and hydroxyl groups (A
= 3700 cm™ ! and 4550 cm™1l) disappear.
However the peaks at A= 1830 cm™l,
1930 ecm™! and 2060 cm™! appear.

3. Results and discussion

For correct interpretation of the received
results conducting layers qualitative and
quantitative chemical analyses were carried
out. The analyses and spectra IR RFIR
investigation data allow making the con-
clusion, that at temperature processing at
T = 300°C on the conducting layer surfaces
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A, cm™

Fig. 3. IR RFIR spectra of samples exposed to
temperature processing: drying at T = 150°C
and a organic binding burning out at T = 300°C.

carbon oxide chemisorbed structures are
formed. Carbon oxide can form coordination
compounds with metal atoms in which the
molecule bounds with the metal by means
of carbon atom. It occurs because in carb-
on oxid molecule there is o-bound and two
n-bound. Two electrons occupy loosening
2-molecular orbital, constructed, basically,
from 2s and 2p, — oxygen orbitals. Last
two electrons are free pair and occupy 30 —
orbital, which is formed by 2s and 2p, carb-
on orbitals. At contact to metal 36 — mo-
lecular orbital, containing a pair of elec-
trons overlap with vacant metal orbital with
formation of o-bound which bound carbon
oxide with metal. Return electron transition
from filled 38m-orbital of metal on wvacant
loosening m-orbital of carbon oxide is possi-
ble too. The processes leading to formation
o and m-bonds partly increase both bonds
durability. Donor m-bond from metal in-
creases carbon oxide 3c-orbital electrodonor
properties. In turn, increased electrodonor
character of c-orbital increases carbon oxide
acceptor properties at m-bond formation
with metal. In multinuclear carbonyl carbon
oxide can be bind with two metal atoms. In
this case metal-carbon binds are covalent
o-bind.

On the basis of above-stated, maxima
with A = 2060 cm™! can be interpreted as
compounds of chemisorbed carbon oxide
with the metal and oxide particles. Band
with A = 2060 ecm~1 corresponds to bridge
carbonyl type:

Pd
/

o=c
P

However, taking into account an oppor-
tunity of carbon active chemisorption on
conducting surface, it is possible to assume
formation of compound of type:
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A, cm™!

Fig. 4. IR RFIR spectra of samples, exposed to
temperature processing: drying at T = 150°C and
a organic binding burning out at T = 500°C.

co
/
Pd

\CO

Maxima with A =1830 cm™! and A=
1930 em ™1 correspond to carbon adsorption
resulting in occurrence carbon oxide linear
form with conducting film O=C=Pd. The
given maxima are intensive enough. Any
impurity having electrodonor properties,
will result in strips intensity reduction how-
ever without their displacement. The impu-
rity participating in m-bound with metal
formation, will reduce m-character metal-
carbon bond and will result in strip car-
bonyl some shift in high frequencies area.

Organic binding burning out temperature
elevation up to 500°C (Fig. 4) results in oc-
currence in IR RFIR spectra (except the
maxima appropriate to carbonyl compounds
of chemisorbed carbon in paste), peaks with
A =2039 em ! and A = 2060 cm~! which in
aggregate with A = 2006 cm™! correspond to
end carbonyl groups valent oscillation ab-
sorption bands of type:

(@) @] (0]
I I I
Cx C Cx*
|/ N |
O=C*—Pd Pd — C+=0
RN a
Cx C Cx*
| | I
(0] @] (0]

After temperature influence at T = 700°C
in group 1 sample spectra only carbonyl
peaks visualize (Fig. 5) whereas group 2
sample spectra (Fig. 6) except carbonyl
peaks contain obviously increased end car-
bonyl group peaks and also gaseous CO, ab-
sorption band (A = 2360 cm™1). Besides, in
spectra

carbide absorption bands (A =
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A, cm

Fig. 5. IR RFIR spectra of samples exposed
temperature processing: drying at T = 150°C,
organic binding burning out at T = 300°C
and paste burning in at T = 700°C (type 1
samples).

1080 em 1, A =1122 em™1, A = 1560 cm™})
are observed.

The samples two-week keeping in the air
has shown, that group 1 sample spectra
practically have not changed. It testifies
sample parameter stability to environment
(air) influence. Group 2 sample IR RFIR
spectra had significant changes. The absorp-
tion bands corresponding to carbonate ion
have appeared, i.e. there was an interaction
with the air moisture with the coal acid
formation, the peaks connected with the
capillary — condensed waters formation.

At the soldering such layer adhesion to a
substrate was low, samples were charac-
terized the increased fragility. By the
chemical analysis are found out: free carbon
(up to 15 %) and carbon as carbide (up to
2.1 %).

4. Conclusions

Conducting thick-film layers based on
"glass — Ag-Pd” nanocomposite system at
temperature influence change its phase
structure. At conducting films formation
the organic binding full removal is neces-
sary because the organic leavings in anneal-
ing process form in them carbide that re-
sults in their specific surface resistance in-
crease. Besides the free carbon presence and
its compounds reduces composite film adhe-
sion to a substrate and worsens soldering-
ability. With the help of IR RFIR-spectros-
copy it is possible the film phase compound
of composite putted on a ceramic substrate
monitoring during their drying, organic
binding burning out and annealing for the
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A, cm™!

Fig. 6. IR RFIR spectra of samples, exposed
temperature processing: drying at T = 150°C,
organic binding burning out at T = 500°C
and paste burning in at T = 700°C (type 2
samples).

technological
choice.

The composite film temperature treat-
ment optimum modes are: drying at T =
150°C, organic band burning out at T =
300°C and paste burning in at T = 700°C.
The temperature organic binding burning
out raising up to 500°C results in occur-
rence in conducting layers end carbonyl
groups, carbide, gaseous CO,, that results
in layer embrittlement, low adhesion, bad
soldering-ability.

process optimum modes
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