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A bstract Protection against the aggressive action of environment is an important problem in the
manufacture of integrated circuits. For this reason an extensive search has been carried on to develop
thin, well adhesive corrosion-protective coatings, capable of competing with generally used epoxy
resins. This study has been devoted to SiO, coatings deposited under atmospheric pressure by the PE-
CVD method from tetramethoxysilane (TMOS) used in the mixtures of TMOS + Ar or TMOS + Ar +
0,. The coatings were deposited on aluminium printed circuits (testers) and aged at 121°C and 100%
relative humidity. The process enables to observe the stability of the coatings, and the changes in
electric resistance of the circuits reflect the development of corrosion.
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INTRODUCTION

The studies on obtaining corrosion-protective coatings, deposited by the PE-
CVD method, were the preliminary step of investigation on application of thin
films obtained from silicoorganic compounds. The aim of these studies was to
determine the possibility of using such films as protective coatings for integrated
circuits. Tetramethoxysilane (TMOS) has been chosen as the starting material,
owing to its ease of yielding thin films of composition close to SiO, at ambient
temperatures under atmospheric pressure. The coatings were deposited from the
mixtures TMOS +Ar or TMOS+Ar+0, containing 0,0056%, 0,4% or 3,2% of
oxygen.

EXPERIMENTAL

The studies were performed with the use of experimental circuits (testers)
developed in co-operation between Warsaw University of Technology
(R.Jachowicz and W. Fabianowski) and Institute of Electronic Technology in
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Warsaw (J. Lysko). A silicon integrated circuit with aluminium conducting paths
(denoted by the symbols TT2, TT3 and TT//TT6, Fig.1) has been fixed, by means
of an epoxy resin, on a ceramic plate [1].

2-ceramic plate

1-integrated circuit

Fig. 1. Tester, l-integrated circuit. 2-ceramic plate.

The aluminium circuits have different path widths, different separation
between the paths, and different electric resistance (Figs. 2 and 3). The testers used
in our studies are analogous ATC 01-f 04 testers developed and used in Sandia
National Lab USA. The Al path thickness was identical in all the structures used

(0.2um).

Fig. 2. PW and ITE tester with test circuits (top view) [1]

TT2 structure — path width 25 pum, path separation25um ( 3 circuits), elec. resistance about 470€2;
TT3 struc ture — path width 4 um, path separation 4um ( 3 circuits), elec. resistance about 5700 Q;
TTS/TT6 structure — path width 10um, path separation 10um ( 3 circuits), elec. resistance about
1750Q.
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Fig. 3. Test circuit TTS.

The protective film was deposited on the tester surface from TMOS mixtures
with argon and oxygen, with variable time of deposition. The constant parameters
of the process were: frequency 5 kHz and substrate temperature 25 °C. The process
was carried out in a reactor shown in Fig. 4 [2].
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Fig. 4. Reactor for thin film deposition: 1 - High voltage electrode, 2 - Dielectric barrier, 3 -
Substrate, 4 -Grounded electrode, 5 — Gas flow direction, 6 - Electric heater.

Thin films deposited from mixtures of TMOS + Ar, TMOS + Ar + 0,056% O,
TMOS + Ar + 0,4% O, and TMOS + Ar + 3.2% O, were obtained at room
temperature at atmospheric pressure, with TMOS content in argon = 0.33 %. The
deposition time was 3, 5, or 10 min.

The passivating properties of the films were evaluated in a series of
measurements, in which they were exposed to the action of temperature 121 °C in
air of relative humidity 100 %. At specified intervals the testers were cooled, the
number of samples not destroyed was determined, and the changes in resistance of
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the circuits were measured with a precision of 0.05%. For comparison an identical
ageing test was performed with identical testers having no protective coating and
with testers protected with the epoxy resin HYSOL FP 4511 produced by Dexter,
which is generally considered as the most effective protective agent for such type
of circuits. In order to determine, how the process of ageing affects the stability of
the circuits tested, the resistance of the testers was measured at definite time
intervals. The measurements enabled to determine the fraction of paths that
survived the process of ageing. The protective ability of the coatings were
determined by the percentage of unaffected aluminium paths and by the change in
electrical resistance due to the ageing related to the resistance measured before the
plasma treatment.

RESULTS

The narrowest (4um) paths were destructed during the deposition of the
protective films, so further studies on the ageing of the passivating layers were
limited to the paths of widths 25um and 10 um. Figures 5 and 6 illustrate the effect
of oxygen concentration in mixtures TMOS +Ar + O,, at deposition time of 5 min,
on the number of unaffected paths in the structures TT2 TTS5/TT6, depending on
the time of ageing.
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Fig. 5. Effect of ageing time on the number of paths remaining unaffected. Duration of film
deposition 5 min. TT2 structure. Path width 25 um.
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Fig.6. Effect of ageing time on the number of paths remaining unaffected. Film deposition time 3
min. TT5/TT6 structure. Path width 10 pm.

The results presented in Figs. 5 and 6 indicate, that a part of the 25um i 10um
paths have been destroyed, in the ageing test, as a result of reaction with water
vapour that penetrated the protective coating and attained the metal surface. The
protective ability of the films increase, in general, with increasing concentration of
oxygen in argon. Under the most favourable conditions a 500-h ageing test was
passed effectively by ca. 60% of 25um paths and by 40-50% of 10um paths.

Figures 7 represents the effect of ageing time on the number of unaffected
paths in different structures, protected with epoxy resin HYSOL FP 4511, used
normally for encapsulation of such types of circuits.
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Fig. 7. Effect of ageing time on the number of unaffected paths in different structures protected by
epoxy resin HYSOL FP 4511 produced by Dexter.
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Figure 8 shows a photograph of TT5 protected with the epoxy resin, which has
been destroyed, in part as quickly as in the initial 48 h of the ageing test.

Fig.8. TTS structure protected b epoxy resin HYSOL FP 45 1, after 'the'age ng test.

In the course of the ageing test (alternating heating and cooling) the resin
undergoes repeated expansion and shrinkage which, as a result, destroy all joints of
the circuits. A rapid growth of electric resistance of the circuits and a decrease of
the number of effective circuits are observed in the course of the ageing process

(Fig. 9).
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Fig.9. Effect of ageing time of unprotected coatings on the number of TT2, TT3 and TT5/TT6 circuits
remained unaffected.
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Both the epoxy resin and the aluminium oxide layer formed during the
oxidation of aluminium protect the conducting paths from complete destruction for
the ageing time not exceeding 336 h. Like in the structures protected with
silicoorganic films the number of the paths completely destroyed after a definite
time of ageing depends on their width (narrower paths are more readily destroyed
than wider ones). Comparing the protective ability of the coating deposited by the
PE-CVD method with those of the epoxy resin HY SOL points to the advantage of
the former ones. The silicoorganic films deposited under optimum, non-destroying
conditions are thinner and more effective in protection of the circuits. This fact has
been evidenced by a positive result of a 500-h ageing test. The relation between the
number of non-destroyed circuits and the ageing time indicates that the results
obtained for the testers protected with the epoxy resin are more reproducible than
those protected by the silicoorganic films. No wonder, since this resin has been
used for long for the purpose, its properties and its deposing conditions have been
carefully optimised, whereas the protective coatings obtained by the CVD are
actually in the stage of preliminary testing. Measurements of electrical resistance of
survived circuits have shown only small changes in the protected circuits, contrary
to unprotected ones, which undergo oxide passivation during the heat treatment.

CONCLUSIONS

Thin silicoorganic films deposited from TMOS at room temperature provide
an effective corrosion protection of aluminium circuits on silicon plates providing,
that the deposition parameters are carefully selected so that the aluminium paths of
the circuits are not damaged during the film deposition.
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Streszczenie. Przedmiotem badan sa powloki z SiO, osadzane pod cisnieniem atmosferycznym
metoda PE-CVD z tetrametoksysilanu (TMOS) stosowanego w mieszaninach TMOS + Ar i TMOS +
Ar + O, w celu zabezpieczenia ukfadow scalonych przed korozja. Powloki naktada si¢ na aluminiowe
obwody drukowane (testery), poddaje si¢ procesowi starzenia w temperaturze 121°C i wilgotnosci
wzglednej 100%. Proces ten pozwala na obserwacj¢ trwatosci powlok natomiast zmiany rezystancji
obwodoéw $wiadczg o postgpie korozji.

Stowa kluczowe: cienkie warstwy, warstwa antykorozyjna.



