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Chemicai etching of berlinite in sulphuric acid 
solutions 
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The aim of this work is to chemically etch AT wafers of berlinite AIP04 in sulphuric acid solutions 
in order to reach a thickness previously chosen (manufacturing of high frequency plate 
resonators). The kinetics of etching is studied: the decrease of thickness is followed by frequency 
measurement. The influence of temperature and acid concentration is measured and the evolution 
of surface texture is checked both by roughness measurements, resonance frequency and 
scanning electron microscopy methods. 

1. Introduct ion 
The industrial interest in piezoelectric materials is 
based on their mechanical resonance in response to 
external electrical excitation. Their field of application 
is particularly broad in data transfer in both emission 
and reception. They are used in particular as sensors 
(temperature, pressure~ etc.) and filters (radio tele- 
phones, hi fi, etc.). Today quartz SiO 2 and lithium 
tantalate LiTaO 3 are the two most commonly used 
materials. However, after perfecting berlinite crystal 
growth in a sulphuric acid solution [1-3] obtaining 
good quality crystals, recent studies carried out on this 
material show that its field of use is intermediate 
between the two compounds above and that its 
piezoelectric qualities are frequently better than those 
of quartz [1, 4]. 

Mechanical lapping cannot be envisaged for manu- 
facturing high frequency, and hence thin resonators, 
and ionic lapping is much too expensive. The most 
suitable method is, therefore, chemical lapping when it 
is possible. For  this reason, a lot of work has been 
published on the ~chemical etching of quartz [-5-17], 
and in particular on AT cut, which is the most com- 
monly used type of temperature compensated cut. 

No work had been undertaken on berlinite, which 
possesses the same temperature-compensated orienta- 
tion [18]. In the light of the potential interest men- 
tioned above, we investigated the chemical etching of 
this substance. 

The work was first restricted to AT cut study. Sul- 
phuric acid was chosen as the etching solution as it is 
the growth medium that had governed the best pre- 
vious results. In order to determine optimal condi- 
tions for chemical etching in this acid, we systematic- 
ally measured the influence of temperature and acid 
concentration on etching rate and monitored the vari- 
ations in the texture of the surface in relation to these 
two parameters. 

2. Experimental  procedure 
2.1. Preparation of samples 
Chemical etching was carried out on AT wafers cut in 
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berlinite crystals obtained in the laboratory in sul- 
phuric acid medium by the vertical temperature gradi- 
ent method. Cutting in a specific direction, grinding 
and initial polishing were carried out at Thomson 
CEPE, Argentueil. The samples were in the form of 
discs 5 mm in diameter (Fig. 1). Alumina 3 ~tm was 
used as the final abrasive responsible for the surface 
finish of the plate before chemical etching. The wafers 
were 148 or 68.5 gm thiek before any chemical etching; 
these thicknesses correspond, respectively, to reson- 
ance frequencies of 10 and 21.6 MHz. 

2.2. Etching procedure 
2.2. 1. Description of etching system 
Fig. 2 is an illustration of the system used for plates 
etching in sulphuric acid. 

2.2.2. Preparation and checking of solutions 
Etching solutions were prepared by diluting commer- 
cial sulphuric acid (Merck Selectipur). The concentra- 
tion was checked by densimetry before and after etch- 
ing. These measurements were confirmed periodically 
by classic acid-basic analysis. 

2.3. Measurement of plate thickness 
The decrease in thickness of the wafer was checked 
during etching by measurement of the resonance fre- 
quency given by [19] 

F = K/e  

where e is the thickness of the plate (given in gm) and 
K a constant rerated to the material and orientation 
studied. In AT cuts of berlinite, K = 1.48 M H z m m  
calculated from Wang and Coll constants [4]. These 
measurements were made using a frequency meter or 
a frequency comparer with which we were able to scan 
a broad range of frequencies from 5 to 150 MHz with 
accuracy of ___ 1.4 kHz. 
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Figure 3 Definition of the roughness parameter R�9 

ness parallel to Z'  axis (projection of Z axis in AT 
plane). 

Figure 1 AT plate of berlinite before chemical etching 5 mm dia- 
meter, 150 pm thickness. 

2.4.2. Electron microscopy 
Evolution of the surface texture during etching was 
also checked by scanning electron microscopy. As 
berlinite is an insulator, it was necessary to work at 
low voltage (1 kV) to avoid metallizing the plates. 
A Cambridge S 360 microscope was used. 
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Figure 2 System used to etch plates. 
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2.4. Characterization of surface texture 
2.4. 1. Roughness 
Surface texture was examined using a Perthometer 
W5B surface profilometer. This apparatus, fitted with 
a microprocessor, was used to calculate the roughness 
parameter R�9 (or average roughness) defined math- 
ematically by the following equation and illustrated in 
Fig. 3 

Ra = ~ I / I d x  

Z is measured from the mid-line defined in such a way 
that the areas above and below are equal. To enable 
results to be compared, we chose to measure rough- 

3. Experimental  results and discussion 
3.1. Kinetic studies 
Kinetics correspond to evolution of the etching rate 
against time. In this study, the thickness of the ptate 
was measured after successive 15 min etchings. The 
rate V was defined by the ratio Ad/At where Ad is the 
total decrease in thickness on the two faces during 
time At (in this case At = 15 min). Temperature and 
acid concentration were kept constant during this 
process. 

Fig. 4 shows the results obtained during etching at 
80~ in 14M sulphuric acid. Similar results were 
found for the other temperatures and concentrations 
studied. The curve can be divided into two parts in all 
cases: 

(i) The first part corresponds to rapid decrease in 
etching rate. It can be assumed that this phase consists 
of etching of the surface layer disturbed by cutting and 
polishing. 

(ii) it can be seen in the second part that the etching 
rate stabilized with time. It might thus be the charac- 
teristic intrinsic rate of chemical etching of a given 
orientation of the material. In the particular case pres- 
ented (Fig. 4), the etching rate becomes constant for 
a time of about 50 min, corresponding to an etching 
depth of approximately 3 gm per face. This value 
would appear to be the depth of the disturbed layer. 
This result can be found if the depth of etching Ad is 
plotted against time (Fig. 5). In this case, two linear 
variations are observed with a distinct change in slope 
corresponding to the preceding values of Ad and t. 

The value of Ad was always the same for the other 
conditions of temperature and concentration studied; 
this was to be expected since all the plates were sub- 
jected to the same treatment. The time required, how- 
ever, to remove the disturbed layer varied according 
to the etching parameters. 

It is known that the thickness of the disturbed layer 
depends on the previous treatment to which the 
sample has been subjected (type of cutting, type and 
particle size of the abrasive used, polishing time, etc.). 
Studies carried out on quartz [12] have shown that 
the thickness of this layer is proportional to the abras- 
ive particle size, with the proportionality factor vary- 
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Figure 4 Etching rate of an 
AT plate of berlinite plotted 
against time. H2SO 4 1 4 M I  -~, 
T = 80 ~ 

Figure 5 Etching depth Adt (two faces) of an 
AT ptate of berlinite pIotted against time. 
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ing from 0.2 to 0.8 d (d = diameter of the particles of 
abrasive) depending on the quality of the quartz [21]. 

In the case of berlinite, the thickness of 3 ~tm that we 
determined also corresponds to 3 gm abrasive. As no 
other measurement has been available to date, we can 
only say that under the conditions used the thickness 
of the damaged layer is similar to that of the particles 
of abrasive. A more complete study involving the 
different characteristics of abrasive is in progress. 

3.2. Evolution of surface texture 
3.2. 1. Measurement of roughness 
In Fig. 6, variation of the roughness parameter R a is 
plotted against the decrease in thickness for etching 
conditions identical to those of Fig. 3 (T = 80 ~ 14 M 
H2SO,). This evolution is representative of all the 
measurements carried out under other conditions of 
temperature and acid concentration. 

It can be seen that R a reaches a maximum for an 
etching depth of about 3 gm and then falls and stabil- 
izes at a value close to 0.22 gm when Ad is close to 
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8 gin. This value is superior to the initial roughness, 
which would seem to show that although etching 
using sulphuric acid is effective for setting frequency it 
is not necessarily optimal for fixing the surface texture. 

This behaviour is similar to that observed for the 
same orientation in quartz [171. It should be noted 
that the depth of etching in relation to maximum 
roughness is identical to the particular value found in 
the kinetic study and which can be attributed to the 
existence of a disturbed surface layer. This hypothesis 
also appears to be eonfirmed by observations using 
electron microscopy. 

3.2.2. Scanning electron microscopy 
During the study presented in Fig. 7, we checked the 
surface texture of the same AT plate etehed by a 14 M 
sulphuric acid solution at 80~ Observations were 
made every 10 min, but only the micrographs taken 
after 10, 30, 40 and 120 min etching are shown. 

Before etching, the surface was formed by numerous 
disordered hillocks (Fig. 7a). After 30 min the hilIocks 
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Figure 6 Roughness parameter R�9 plotted against etching 
depth Ad s (one face). H2SO y 14 M 1 - 1, T = 80 ~ 

Figure 7 SEM micrographs. Magnification x 1300 14 M H2SOy T = 80 ~ (a) after 10 min etching, (b) after 30 min etching, (c) after 40 min 
etching, (d) after 120 min etching. 

were taken out and oriented (Fig. 7b). This behaviour 
increases until 40 min etching (Fig. %) when the max- 
imum irregularity was obtained (maximum roughness 
measured). Indeed, chemical etching tended to remove 
preferentially the weaker disturbed parts at the ex- 
pense of the crystal bulk and therefore revealed all the 
defects due to polishing, leading to a maximum Ra 
value. In a second phase, we then observed the effect of 
polishing which removed these hillocks by wearing 
them away (Fig. 7d). Nevertheless, it should be noted 
that this chemical etching in H2SO4 produced orien- 

tated etching figures with very marked profile, which 
explains why Ra remains high and even greater than 
its initial value. 

3.3. Influence of temperature on etching rate 
We measured the etching rate in relation to temper- 
ature for different concentrations of acid. 

The results shown in Fig. 8 correspond to the etch- 
ing rates measured after removal of the disturbed 
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Figure 8 Etching rates plotted against temperature for different 
sulphuric acid concentrations. 

surface layer 3 lam thick. These rates were thus in- 
trinsic etching rates of the material. 

Parabolic type increase in rate was observed when 
temperature increased whatever the acid concentra- 
tion. This behaviour was similar to that observed 
during the etching of quartz by NH4HF 2 [21] and 
showed that the etching rate was considerably in- 
fluenced by temperature and that this parameter 
should, therefore, be carefully checked during the ad- 
justment of the frequency of a resonator. It can never- 
theless be noted that the plot for the highest concen- 
tration of acid used displayed a slightly different curve, 
indicating less marked variation of etching rate with 
temperature. 

3.4. Influence of acid concentration 
The network of curves plotted in Fig. 9 was obtained 
when etching rates were plotted against sulphuric acid 
concentration at different temperatures. It was ob- 
served that when the sulphuric acid concentration 
increases, the etching rate also increases at frst, is 
maximum at a sulphuric acid concentration of ~ 13 M 
and then decreases whatever the temperature. It can 
be seen however that the rate variation is more 
marked when the temperature rises. 

Although the etching mechanism of berlinite has 
not yet been elucidated, it can be supposed that as 
in the case of quartz the breaking of M - O  bonds 
(M = A1 or P) occurs when the latter has been 
weakened after the formation of OH bonds caused by 
the presence of protons in solution. If it is the case, the 
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Figure 9 Etching rates ploned against sulphuric acid concentration 
for different temperatures (full lines). The broken line shows H�87 + 
concentration from Young [-22]. 

rate should increase with the protons content; this is 
what was observed. Indeed, Young [22] measured the 
concentration of the different species in sulphuric 
acid solutions and if it is considered that 
[H +] = [ H S O 4 ]  + 2[SO~] ,  the proton concentra- 
tion is maximum when molarity is around 13 M 
at 25 ~ When the temperature increases, the ioniza- 
tion constant decreases in relation to HSOg [23]; 
however, the contribution of this ion was very small in 
comparison with that of the first acidity. 

It can be considered as a preliminary approxima- 
tion that the variation in proton concentration obeys 
the same variation law at a higher temperature and 
thus accounts for the variation observed in rate. This 
hypothesis remains to be confirmed by the use of other 
strong monoacids (e.g. HC1 and HNO3), which would 
make it possible to determine this proton content of 
solutions in a simple manner. We intend to do this in 
the near future. 

3.5. Practical verification of the results 
In order to test the validity of our measurements we 
applied them to the etching of an AT plate with an 
initial thickness of 41.4 I~m (initial frequency 
F i = 35.7 MHz) with the intention of taking it to 
a thickness of 32.5 lam (final frequency Fr = 45 MHz). 
With a sulphuric acid solution of 9M at 80 ~ the 
curves shown in Fig. 9 make it possible to forecast an 
etching time of 2h. In practice, a frequency of 
44.9 MHz was obtained (thickness 32.95 ~tm). We 
checked the reproducibility of this etching rate by 
studying several AT plates of different initial thick- 
ness. These tests showed that application of our results 



is immediate and that accuracy is fully compatible 
with that required in industry. 

4. Conclusion 
This work on chemical etching of berlinite AT plates 
in sulphuric acid solutions showed that, after removal 
of the disturbed layer due to previous cutting and 
polishing, etching rates increase with temperature and 
vary with acid concentration: they first reach a max- 
imum for 13M etching solution and then decrease. 
This behaviour can be correlated to the proton con- 
tent. Nevertheless, surface texture checked by rough- 
'iaess measurement and scanning electron microscopy 
remains a deceptive result. 

In spite of this, sulphuric acid allows AT plates of 
chosen thickness to be obtained from plates of differ- 
ent initial thickness with a reproducible and accurate 
manner. 

This study is to be followed by the investigation of 
orientation effects in chemical etching in order to 
elucidate etching mechanism. In other words, surface 
texture is to be improved either by use of surfactants in 
sulphuric acid medium or by use of other etching 
solutions. 
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