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PLASMA-REMOVING OF POLYMERIC LAYERS
FROM INTEGRATED CIRCUITS*

OTO STIRAND**, JIRI SKALA**, JARMILA KODYMOVA** BOZENA KRALIKOVA**,
Praha

To meet the demands of technical electronics we have performed experiments in the
plasma-removing of polymeric layers from integrated circuits. It is necessary to remove
the polymeric layer without perturbing the electronic circuits. We have used high
frequency low pressure discharge in oxygen and measured the speed of decrease of the
layer in materials of various products. The efficiency of layer removing is for various
materials essentially different.

YCTPAHEHME MOJUMMEPHBIX IAEHOK C HHTETPAJbHBIX CXEM
C NIOMOmBbI0 TLIA3IMBbBI

YyurbiBas Tpe6OBAHMA TEXHHYECKON 3NEKTPOHUKM GbLIH NPOBEACHBI IKCIICPHMEHTbI
110 YCTPAHEHHMIO NONEMEPHBIX MUIEHOK C HHTETPANbHBIX CXEM. JTH NONUMEPHBIE MIEHKH
HEOGXONHMO YCTPaHMTh Oe3 MOBPEXICHHN CXeMbl. [lns 3TOr0 HCRONBLIOBANCA BhIC-
OKOYACTOTHBI Pa3psjl B KUCHOPOAC NPH HU3KOM JABNCHUM 4 H3MEPHIUCH CKOPOCTH
YTOHYEHMS NAEHOK Jisl MATEPHANIOB Pa3IHIHBIX H3feNHH. IPHEKTUBHOCTD YCTPAHEHHS
MAEHOK ISl OTAENBHBIX MAaTEPHANOB CYHWICCTBCHHO Pa3NiMyHa.

1. INTRODUCTION

Microelectronic circuits are usually suffused with epoxy resins which protect the
circuit elements from both a mechanical damage and corrosive action of the
surrounding atmosphere. The fact that such a device cannot be taken to pieces
makes the analysis of defects in the circuit difficult. It has therefore become
necessary to remove for purposes of practical application their connections. The
use of a mechanical way for removing the enclosure proved to be the least suitable.
Chemical treatment, which has been employed most frequently so far can,
however, also damage the components. By reason of this, the specific interaction of
jonized gas with the solid state, where mainly the non-isothermal state of the partly

* Contribution presented at the Second Symposium on Elementary Processes and Chemical
Reactions in the Low Temperature Plasma, Vritna dolina near Zilina, 1978.
*+ Fyzikdlni astav CSAV, Na Slovance 2; CS-180 40 PRAHA.

151



%s”mm gas (plasma) plays an important role, has lately been utilized [1]. The
igher energy of moiw created charged particles in such gas is transferred to the gas
molecules. The additional neutral and charged particles in both the basic and the

PUMPING SAMPLE O,

Fig. 1. Non-cooled discharge tube.

oxomﬁa. states are an.cona by elementary processes like ionization, dissociation or
excitation. These particles are able to create or break the chemical bonds in the

solid at a lower temperature. The low temperature is just the very thing which is .

needed when removing the enclosure. The damage of the electronic circuits is thus
oxn_c.aoa. The oxygen plasma used in this process does not destroy either the
masking thin SiO, films or the aluminium connections of the circuits, which is
another advantage of this method. ,

IL. EXPERIMENTAL ARRANGEMENT

.H:m .Em:-?on:m:@ discharge in oxygen was excited by a hf generator with
capacitive coupling between the external ring electrodes of the quartz tube. The
adapted generator worked with the frequency of 4 MHz and the maximum moinn
200 W. ..H.ro samples were put into the discharge tube by a special holder (Fig. 1).
ww flowing .mwmﬂoE with a rotary pump was employed. Technical oxygen was
introduced into the discharge space through the needle valve. The gas flow was
about 2.5 cm’s™ and the pressure was kept at 0.6 torr (80 Pa). The high-frequency
power and consequently the plasma density were set at such a value that the sample
temperature did not exceed 190 °C. This temperature was chosen with regard to
the oxm.vonﬂoa resistance of the integrated circuit. The sample temperature was
aoa.n:::oa. from the voltage (drop) at one of the P-N junctions of the circuit in the
previous direction at a constant current. The temperature dependence of the
<o~.ﬂmmn was calibrated beforehand. The temperature was measured during a short
switching off of the hf field.

To achieve a higher plasma density and maintaining at the same time the same
meEo temperature, we used a water jacketed tube (Fig. 2). The sample was placed
directly on the wall of the discharge tube and in this way cooled.
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The products of the polymer decomposition were removed mechanically after
the sample had been taken out of the tube. The loss in weight of the sample was

determined by microweighing.

m).w_vrm \\A\ bnm\_

PUMPING )= 27
V,
N \ LA 1 .
p Vi _/ )
\ /
WATER =
L
Fig. 2. Water-jacketed discharge tube.
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Fig. 3. Dependence of sample weight on etching time: 1) in noncooled discharge tube, 2) in cooled
discharge tube (sample POLYSET material without top layer).

I1I. RESULTS

The experiments were made with samples with both domestic (Tesla RoZnov
— type of epoxy resin) and foreign production (VEL 5). In some samples the top
layer of the epoxy cover was mechanically removed to shorten the etching time.

In Fig. 3 there are plotted the rates of the polymer losses when using
a non-cooled tube with a lower density of the active plasma particles (curve 1) and
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a cooled tube with a higher density of the active plasma particles (curve 2). In the
figure it can be seen that the rate of the polymer loss in the cooled discharge tube
increased nearly twenty times. The samples used here were these with the
mechanically removed top layer.
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Fig. 4. Dependence of the sample weight on
L100 etching time. Note the two different rates of
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t[h] VEL5).

Fig. 4 shows the rates of the polymer loss in a non-cooled tube and the sample in
the original state. Two rates of the epoxy removal can be seen. This may be caused
by the m:roEommcomQ in the epoxy cover near the surface, e.g. the lower content of
the filler in the top layer.

The effect of the polymer removing is probably caused by breaking the chemical
bonds, which creates fragments of lower molecular weight. Volatile substances are
carried off by the lowing gas. On the sample surface there remained only the rest of
the filler, which was removed mechanically. On the basis of observation the sample

€poxy resin [1]. This time is in agreement with our results obtained in the
non-cooled tube (Fig. 3).

Our experiment shows that it is possible to shorten the required time by cooling
the sample and the discharge tube.
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