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Abstract. The process of plasma etching of base polymer materials 
for multilayer boards (MLB) - epoxy glasses, polyimides, epoxy- and 
acrylate adhesives in CF4 +02 plasma was studied using response sur
face methodology (RSM). Statistical design of the experiments provided 
quadratic analytical expressions of the etch rate for each material in terms 
of the plasma parameters {pressure, CF 4 per cent in the gas mixture, tem
perature). These expressions were illustrated with response surface con
tour plots, and used to deter~ine the relative importance of each process 
variable on the etch performance. 

Pe3IOMe. Ilpouecc IlJia3MeHHoro TpaBJieHHH 6a30BhlX noJIHMepHDlx Ma
TepHaJIOB ,l{JIH MHOrOCJIOHHDlX ne'laTHblX nJiaT ( CTeKJIOTeKCTOJIHT, IlOJIH
HMH,l{, 0IlOKCH)l;llblit H aKpHJiaTHblit a.n:re3HBbl) HCCJie.n;oBaH c npHMeHe
HHeM MeTO.D;OJIOrHH nouepXHOCTe:l!: OTKJIHKa {RSM) . IlyTeM npoue.n;eHHH 
nJiaHHpOBaHHOro 0KCnepHMeHTa H CTaTHCTH'leCKO:l!: o6pa6oTKH .n;aHHblX 
noJiy'leHbl aHaJIHTH'leCKHe Bblpalt<eHHH B BH,l{e IlOJIHHOMOB BTOpo:l!: CTe
neHH ,l{JIH CKopocTeH TpaBJieHHH OT,l{eJibHblX MaTepHaJIOB KaK lj>yHKUHH 
napaMeTpou npouecca (.n:auneHHe, npoueHTHoe co.n:eplt<aHHe CF 4 B ra-
3ouo:l!: cMecH CF4 +02 , TeMnepaTypa). McnoJih3YH 0TH noJIHHOMbl nocT
poeHbl ilOBepXHOCTH OTKJIHKa H KOHTypHble KapTbl, KOTOpble MoryT 6blTb 
HCilOJib30BaHbl ,l{JIH BblHBJieHHH pOJIH OT,l{eJibHblX napaMeTpOB B npouec
ce TpaBJieHHH. 

1. Introduction 

There is a strong increase of the number and sort of different polymer materials, 
used in manufacturing MLB in the last several years. The chemical methods are the 
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conventional ones for MLB hole cleaning. But one of the technology and ecology 
alternatives is processing of polymer materials by dry etching [1-6]. Good results 
using RF plasmas of CF 4 +02 gas mixture at low pressure have been obtained. 
However, if one wants to receive reproducible results, it is necessary to optimize 
the process. This problem is difficult because of involving a great number of vari
ables and the presence of correlation between some of them. Conventional one
parameter-at- a time methods cannot account for interactions between variables 
without extensive experimental work. An alternative approach was adopted by 
several authors [7-11] for characterizing plasma etching process of microelectronics 
materials based on response surface methodology (RSM). It combines experimen
tal strategy and data analysis to generate a parametric model that represents the 
process response as a function of the process variables_. Study has been performed 
on modelling the dry etching of polysilicon, thermal Si02, quartz and photoresist 
in chlorine- and fluorine-based plasmas. 

We have used experimental design to study the effect of variation of several 
plasma etching parameters (pressure, CF 4 per cent in the gas mixture, tempera
ture) on the etch rate of epoxy glasses, polyimides, epoxy- and acrylate adhesives 
in CF 4+02 plasma. This paper describes the experiment and the analytical ex
pressions obtained. Response surface and contour plots are presented to illustrate 
the effect of parameter variation. 

2. Experimental Procedure 

The experiments were performed in a standard commercial barrel-type reactor with 
a quartz camera. The diameter of the camera is 17 cm and the length 34 cm (Fig. 1 ). 
The reactor uses rf power at 13.56 MHz. The samples were placed on an aluminum 

samples 

rf 
generator 

power supply 

Fig. 1. Scheme of the plasma etching apparatus 

holder, located in the middle of the camera. The etchant gases used for plasma 
etching were CF 4 and 0 2 at constant total flow rate. In order to minimize the 
number of trials, the experiment was designed to vary three parameters: pressure 
(x1), CF4 per cent in the gas mixture (x2) and temperature (x3). The process 
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of plasma etching begins after reaching the specified temperature and continued 
20 min. The ranges of variation of the independent parameters are shown in Table l. 
The other controlled parameters of the process were fixed. The etch rates were 
determined by measuring in several points the step formed by hard mask after 
plasma etching with "Talystep" surface profiler and averaging the data. 

Table 1. Ranges of variables 

Variables Levels 

-1.682 -1 0 +1 +1.682 

Pressure, Pa 40 53 73 93 106 
CF 4 fraction in CF 4 + 02, % 0 20 50 80 100 
Temperature, 0 c 90 100 115 130 140 

The materials, used in the experiments, are base polymer materials in MLB 
manufacturing: epoxy glass STF (Bulgarian standard), epoxy glass FR4, polyimide 
Rexham, pollyimide Sheldahl, epoxy (125 µm thick) - and acrylate (80 µm thick) 
adhesives. The adhesives were deposited on polyimide foil. 

Fig. 2. Geometric representation of the 
central composite design 

3. Results and Discussion 

The experimental design used in 
this study was a central composite ro
tatable one for three variables varied 
on five levels (Fig. 2). This design re
quires only 20 trials, including repli
cations. The design matrix and the 
response measured at each point are 
shown in Table 2. The data were used 
as input of a standard statistical pro
gramme to determine the model coef
ficients. 

A model of the etch rate (Y) of each material is represented by the second-order 
equation of the plasma etching parameters (x 1 , x2 , x3): 

This model accounts for linear interactions between the independent variables 
and for curvature of response surface. The 10 coefficients were determined using 
least square regression by minimizing the residual variance. Each coefficient was 
evaluated by Student criterion t (12],and those of them, whose t-value was under 
the tabular, were eliminated from the model. So the following parametric equations 
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Table 2. Experi 

Variables 

Trial pressure % CF4 tempera 
number xi x2 X3 

Torr % •c 
1 -1 -1 -1 
2 -1 +1 +l 
3 +1 -1 +l 
4 +1 +1 -1 
5 0 0 0 
6 0 0 0 
7 -1 -1 +l 
8 -1 +1 -1 
9 +1 -1 -1 

10 +1 +1 +l 
11 0 0 0 
12 0 0 0 
13 +1.682 0 0 
14 -1.682 0 0 
15 0 +1.682 0 
16 0 -1.682 0 
17 0 0 +1.68 
18 0 0 -1.68 
19 0 0 0 
20 0 0 0 

were obtained: 
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Table 2. Experimental design matrix and responses 

Variables Etch rate, nm/mm 
Trial pressure % CF4 temperature epoxy epoxy polyimide polyimide acrylate epoxy 

number x1 x2 X3 glass glass Rexham Sheldahl adhesive adhesive 
Torr % oc STF FR4 

1 -1 -1 -1 26 110 23 10 18 28 
2 -1 +1 +1 53 30 69 73 75 75 
3 +1 -1 +1 95 111 15 24 71 57 
4 +1 +1 -1 162 61 42 54 40 98 
5 0 0 0 136 150 109 123 203 208 
6 0 0 0 143 153 104 127 201 196 
7 -1 -1 +1 78 56 77 59 110 85 
8 -1 +1 -1 91 87 22 19 29 36 
9 +1 -1 -1 107 73 27 23 46 98 

10 +1 +1 +1 72 107 14 59 37 106 
11 0 0 0 145 149 104 125 191 201 
12 0 0 0 148 156 107 132 195 202 
13 +1.682 0 0 175 169 76 91 180 134 
14 -1.682 0 0 116 143 57 25 49 81 
15 0 +1.682 0 91 76 44 102 32 64 
16 0 -1.682 0 114 114 82 92 63 191 
17 0 0 +1.682 48 100 4 19 41 37 
18 0 0 -1.682 104 106 13 16 47 65 
19 0 0 0 141 155 113 125 197 204 
20 0 0 0 143 153 111 128 207 198 

were obtained: 

Epoxy glass STF 

Y = 143.345 + 21.042x1 - 13.344x2 - 27.923x~ - 18.524x~ - 14.5x1x2 - 21x2x3 

Epoxy glass FR4 

Y = 153.884 - 25.314x~ - 28.149x~ + 24.375x1x2 

Polyimide Rexham 

Y = 108.2 - 15.969xr - 36.519x~ - 17.209x~ - 17.625x1x2 

Polyimide Sheldahl 

Y = 127.102 - 27.087x~ - 41.436x~ - 13.269x~ 

Acrylate adhesive 

Y = 199.241 - 31.467xI - 56.446x~ - 55.206x~ 
Epoxy adhesive 

Y = 202.021 - 36.646xI - 56.664x~ - 29.560x~ 

The adjusted regression coefficient (R2) that indicates the adequacy of the model 
is shown in Table 3. This quantity is the normalized ratio of the statistical variance 
represented by the model to the variance of data. A perfect fit is indicated by the 
adjusted R2 value of 1. In this case the obtained values from 72.84 to 87 .90 for 
the different materials suggest a reasonable fit of the experimental data by the 
quadratic model. 

The adequacy was further evaluated by Fisher criterion F [12]. It is evident 
that for each polynomial its value exceeds the tabulated one (F-value = 3.02) in 
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Table 3. Results from multiple regression analysis 

Parameter Materials 

epoxy glass epoxy glass polyimide polyimide acrylate epoxy 
STF FR4 Rexharn Sheldahl adhesive adhesive 

R2 (adj) 0.8490 0.7284 0 .8687 0.8740 0.8487 0.8038 
F-value 12.8737 6.6611 14.9617 15.6476 12.8457 9.6496 

this case, which is another confirmation of the validity of the results obtained by 
the variance analysis. The absence of multiples of different variables for some of 
the materials reveals that separate factors act independently. 

It is important to note that the polynomial expressions obtained can be used 
for predicting the etch rate only within the range investigated, since the results do 
not extrapolate well outside this range. 

Using this polynomial expressions, the influence of different factors upon the 
etch rate can be represented by the response surface technique. In the case of three 
varying factors it is useful to fix one of them, and then the parametric equations 
describe a surface in the 3D space (Fig. 3). This response surface gives information 
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Fig. 3. Response surface of the etch rate of epoxyglass STF at 106 Pa total pressure of 
the gas mixture Cf4+02 

about appearance of maximum or minimum of the etch rate. But for the concrete 
quantitative estimations, it is more relevant to represent the results as curves of 
equal response or the so called contour plots. 

In order to achieve a complete information of the etch rate dependency on the 
different selected plasma processing parameters, we created series of contour plots. 
The value of the etch rate is given in nm/min and is plotted on each contour. For 
example, Fig. 4 represents computer-generated contour plots for the model predic
tions of the etch rate of epoxy glass STF for 3 fixed values of the pressure, as 
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material: epoxyglass STF 
fixed value: pressure = 40 Pa 
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fixed value: pressure = 73 Pa fixed value: pressure = 106 Pa 

140,....,,.....-...... -....-....... - ... 140 ....--.--...... _...-..... ___, 

0 
0 

~ lW 

Oi 
b no 

~ 
.. 100 

20 40 60 80 100 
concentration, % 

a 

0 

120 
120 

90 ilO 

20 40 60 80 100 0 20 40 60 80 100 
concentration; % concentration, % 

b c 

Fig. 4. Contour plots of the etch rate (nm/min) of epoxyglass STF at different pressure 
of the gas mixture CF 4 +02: a - 40 Pa; b - 73 Pa; c - 106 Pa 

functions of both factors; CF 4 per cent in the gas mixture and temperature. 
We obtained a clear dependence - with decreasing the CF 4 contents in the gas 

mixture and simultaneously increasing the pressure and the temperature results in 
an increase of the etch rate. The maximum is reached at the following values of the 
parameters; pressure 106 Pa, gas mixture of 22% CF4 and 78% 0 2 , temperature 
121°C. This result matches the data known from the literature [4-6]. 

4. Conclusion 

The utility of RSM for parametric modelling· of plasma etching of base polymer 
materials for MLB in CF 4 + 0 2 plasma was demonstrated. We obtained good rep
resentation of the etch rates by analytical expressions over the working range of 
plasma etching· parameters, with relatively few experimental work. Thus, the pro
cess of plasma etching of polymer materials can be optimized for different practical 
needs. 
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