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Controlled crystal dissolution applied to quartz 
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Quartz chemical lapping of AT and SC cuts was performed in NaOH.xH20 medium and this 
controlled dissolution resulted in reasonable quality of surface texture. Activation energy was 
calculated from dissolution rates measured against temperature. The initial surface texture of 
the samples influenced roughness parameter evolution but not the final roughness value. The 
electrical response of piezoelectric devices made by chemical lapping has been compared 
against others obtained by the IBE process. The comparison has shown that the controlled 
dissolution process is at least as good as IBE for producing piezoelectric devices. 

1. Introduction 
For quartz piezoelectric device manufacture, the crys- 
talline quality of the material is of prime importance, 
and the atraumatic adjustment frequency of reson- 
ators is a very important step. Indeed, the Q-factor 
is closely related to both crystalline quality and the 
final surface roughness of the sample. Thus lapping 
must produce a good surface state, and a definite 
thickness which corresponds to the required fre- 
quency. 

Unfortunately, for sophisticated high frequency 
resonators, with thickness less than 30 gm, the mech- 
anical lapping process cannot be used. Only the ex- 
pensive ion beam etching technique (IBE) can be 
applied. 

Much research has been devoted to another possibil- 
ity, based on a chemical approach to these problems, 
using fluoride media [1-3], but has not resulted in an 
industrial method of quartz chemical etching being de- 
vised. Indeed, the HF or NH4HF z baths used are very 
traumatic for the material, even with surfactants [4-6]. 

In our department, we have first defined the crystal 
growth conditions of a quartz-like material, A1PO 4, 
berlinite in acid media, and its controlled dissolution 
in H3PO 4 and H2SO4 [7, 8]. These two processes are 
closely related through the reverse thermodynamic 
relations [9-14], and these phenomena are even more 
controlled when experimental conditions are consti- 
tuted by a solubility equilibrium, i.e. weak super- or 
under-saturation of solvents for crystal controlled 
growth or dissolution, respectively. In this case, an 
energy barrier, AG* prevents most etch pit formation 
in the dissolution process, Fig. 1. 

Taking into account these considerations, we in- 
vestigated the quartz problem, which includes a factor 
critical for piezoelectric device manufacturing. The 
quartz crystal growth being made in a basic medium, 
our controlled dissolution has been carried out in a 
similar solvent, but inversely to the previous works 
[1-63. Drastic growth conditions (high pressure and 
high temperature) were not applied, but these basic 
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media under standard conditions are rather atrau- 
matic for the quartz. Indeed, it is a question of process 
reversibility: possible under certain conditions in a 
basic medium, but impossible in an acid one. We give 
here our first results for the two important wafer 
orientations: AT and SC cuts. 

2. Experiments 
2.1. Samples 
We investigated two orientations in this work, AT and 
SC. All samples have been sawn from high-Q swept 
quartz bars. AT and SC discs of 5 to 12ram in 
diameter were ground or polished. Two sizes of final 
abrasive were used: 3 gm for ground wafers and 
0.3 gm for polished ones. The used plates were chosen 
in the range 800 to 67 Ilm thick before the chemical 
dissolution process. These thicknesses correspond tO 
resonance frequencies ranging between 2 and 25 MHz. 
Therefore, the SC cuts were plane-convex plates. 

2.2. Experimental procedure 
2.2. 1. Description of reactor 
In this investigation, PTFE containers were used to 
avoid chemical corrosion of the (NaOH + H20  ) mix- 
tures. Fig. 2 is an illustration of the apparatus used in 
basic medium. 

2.2.2. Dissolution baths 
Solutions were prepared from high purity sodium 
hydroxide pellets (MERCK pro analysis). Three differ- 
ent compositions were investigated: see Table I. 

2.2.3. Measurement of plate thickness 
The decrease in thickness of the wafers was checked 
during controlled dissolution by measurement of the 
resonance frequency given by : 

F(MHz) = K(MUzgm)/e(gm) 

0022-2461 �9 1994 Chapman & Hall 
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TABLE I Concentration of sodium hydroxide solutions for 
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Figure 1 Schematic representation of the AG* energy barrier varia- 
tion for growth and dissolution of a real crystal in terms of solute 
concentration, C (Co = solubility at chosen temperature). 
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Figure 2 System used to thin down plates. 

where e is the thickness of the plate and K is a 
constant related to the material and orientation stud- 
ied. In the AT cut of quartz, K = 1670 MHz ~tm and 
K = 1820 MHz Mm for the SC plane-convex plates. 
These measurements were made using a frequency 
meter which allows a broad range of frequencies from 
0 to 110 MHz to be scanned. 

2.2.4.  Character izat ion o f  sur face  tex ture  
Surface texture was examined using a Perthometer 
W5B surface profilometer. This apparatus, fitted with 
a microprocessor, was used to calculate the roughness 

Molality (mol kg- 1 solvent) 

NaOl:t.t-120 55.6 
NaOH.2H20 27.8 
NaOH.3H20 18.5 
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Figure 3 Change of roughness parameter for polished AT plates 
lapped by NaOH-xH20 (O NaOH.3H/O, ~ NaOH.2H20, 
NaOH-H20 ). 

parameter Ra (or average roughness) defined math- 
ematically by the following equation: 

= Z d x  
Ra L o 

where L is the profile length and Z is measured from 
the centre line, i.e. from the line so that the cross- 
section areas of asperities above and grooves below 
are equal. For  reliability, all measurements were car- 
ried out with the same electric filter, ;% = 0.08 ram, 
and the given Ra value is the mean value of 4 different 
scanning directions (45 ~ different from each other). 

3. Resul ts  and d iscussion 
3.1. Controlled dissolution of polished AT 

plates in NaOH-xH20 ( x =  1, 2, 3) 
mixtures 

The initial roughness value of the polished AT plates 
is Ra = 0.004 gin, which corresponds to an optical 
polished surface state. These first experiments, at 
170~ were undertaken to provide us with some 
knowledge on quartz behaviour in strongly basic 
conditions. The best solution seems to be the most 
concentrated one (Fig. 3). (Fig. 3 is only an illustration 
of these tests, Ra is not a linear function of the 
decrease in thickness Ae.) Indeed, for the more diluted 
medium, NaOH.3H20,  the Ra value increases strong- 
ly from 0.004 to 0.09 lam after a thickness decrease of 
only 23 ~tm. Light microscopy observations ( x 1100) 
showed regular and oriented grooves. 

On the other hand, for the most concentrated sol- 
vent, N aO H 'H 2 0 ,  the roughness of the plates and 
their surface texture (x  1100) did not differ from the 
initial values. For this reason, this last concentration 
was used to carry out the investigation of ground AT 
cut wafers in basic solutions. 
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Nevertheless, on an industrial scale, generally the 
wafers have a ground surface texture and, then, the 
determination of conditions for their good controlled 
dissolution is of great interest. 

3.2. Controlled dissolution of ground AT 
plates in NaOH.H20 mixtures 

This controlled dissolution has been investigated in 
terms of several parameters: concentration of solvent, 
temperature of dissolution bath, and initial roughness 
of the wafer. From these results, dissolution kinetics of 
AT cut quartz in sodium hydroxide have been deter- 
mined. 

3.2. 1. Influence of the solvent concentration 
From preliminary investigation on polished samples, 
we have seen that dilution drastically affects the 
polishing properties of the sodium hydroxide me- 
dium. However, only two convenient concentrations 
have been used, i.e. the more concentrated ones: 
N a O H ' H 2 0  and NaOH.2H20,  to carry out the chem- 
ical dissolution of AT ground wafers. On the other 
hand, we checked if even more concentrated solutions 
improved the surface texture. 

In Fig. 4, the roughness parameter evolution is 
the same for all three concentrations of the solvent 
and converges to the same, good value of 
Ra ~ 0.05-0.06 I, tm. Nevertheless, this decrease of Ra 
seems t o b e  slightly less rapid for N a O H ' 2 H 2 0  than 
for the other ones. This difference can be observed 
from light microscopy (Figs 5 and 6) where the etching 
figures are more accentuated for N a O H ' H 2 0  
medium. On the other hand, no significant improve- 
ment of the surface texture is registered for the more 
concentrated medium, NaOH.0.56H20. 

Overall, the NaOH-HzO medium is the best con- 
centration for the chemical lapping of quartz AT 
cuts because both the other good media are limited 
by physical considerations: low boiling point for 
NaOH.2H20  (T b ~ 158 ~  high melting point 
for NaOH.0.56H20 (T m ,~ 145 ~ 

3.2.2.  T e m p e r a t u r e  i n f l u e n c e  
For this purpose, discs 6 gm in diameter were used 
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Figure 4 Roughness parameter Ra of AT plates plotted against 
removed depth for different sodium hydroxide concentrations 
(__~__  NaOH.0.56HzO 179~ - - 7 0 - -  NaOH.2H20  141~ 
- - 0 - -  N a O H ' H 2 0  166 ~ 
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Figure 5 Photographs of AT cuts during the thinning down in 
NaOH'HzO at 166~ Magnification • 440. (a) Prior to etching. 
(b) Ae = 24 ~tm. (c) Ae = 40 Ixm. (d) Ae = 167 ~tm. 

with an initial frequency ,-~ 10 MHz (e = 167 I~m) and 
a roughness value in the range 0.16 < Ra < 0.18 ~tm. 
Some evolutions of the thinning down rates against 
the removed thickness have been plotted in Fig. 7. 

As expected, these dissolution rates increased with 
temperature. All the curves, can  be divided in two 
parts: 

(a) the first part, related to a rapid decrease of the 
dissolution rate, corresponds to the chemical dissolu- 
tion of the surface layer disturbed by cutting and 
polishing. 

(b) in the second part, the dissolution rate becomes 
constant and is characteristic of the intrinsic dissolu- 
tion rate for a given orientation of the material at the 
chosen temperature. 

The first part corresponds to a total dissolution of 
7 ~tm, i.e. 3.5 ~tm per face. Of course, the same result 
can be found for the roughness parameter, from the 
curves Ra, plotted against the thinning down depth, 
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Figure 8 Roughness parameter Ra of AT plates ,plotted against 
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Figure 6 Photographs of AT cuts during the thinning down in 
NaOH.2H20 at 141 ~ Magnification x 440. (a) Ae = 17 p.m. (b) Ae 
= 41 gin. (c) Ae = 133 p.m. 
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Figure 7 Dissolution rate V at different temperature of AT plates 
plotted against removed depth in NaOH.H20 ( - - x - -  178 ~ - - I - -  
166 ~  146 ~ 

Ae, Fig. 8. Previous studies on quartz [15] and 
berlinite [7, 8] samples have already shown this 
behaviour. 

Whatever the temperature, the Ra =f(Ae) plots 
show a similar maximum for chemical lapping of 
about 7 lam (for the two faces) and, then, slowly fall to 
a low value close to 0.06 pm, which corresponds to a 
good controlled dissolution of quartz material. 

The surface texture evolution has also been checked 
by light microscopy, Fig. 5. First, the surface is formed 
by numerous disordered hillocks due to the disturbed 
superficial layer. Then, the maximum roughness value, 

Ra ~ 0.24 gm, obtained for removal of this superficial 
layer, corresponds to the true beginning of the crystal 
bulk dissolution. From this point, the polishing effect 
of the sodium hydroxide steadily improves the surface 
texture of the samples. 

Since the roughness value stabilization was very 
slow, we tried to define the final Ra value after a longer 
chemical lapping time. Thus 630 gm were removed 
from a 800 gm thick wafer, and the Ra value decreased 
from 0.19 to 0.03 pro, and would certainly have con- 
tinued to converge to a polished surface state. On the 
other hand, the isotropic effect of this thinning down 
process should be noted, which is evinced by no 
alteration in appearance of the circular shape of the 
quartz discs, even after removing several hundred 
micrometers. 

In conclusion temperature has no effect upon the 
final roughness value of the chemical lapping, but only 
upon the thinning down rate. 

3.2.3. Initial roughness (Rai) influence 
From previous experiments in NaOH'H20 medium, it 
appears that a slight change in the initial roughness 
of the wafers (0.16 < Ra < 0.18 pm) corresponds to a 
slightly different final surface state, Fig. 9. Thus, it 
seems that the initial roughness influences the stabil- 
ization of the surface state in terms of removed depth. 
To investigate this several AT plates having different 
Ra i values, Table II, were dissolved at 166 ~ 

The roughness evolution of these plates is plotted in 
Fig. 9. At first, we noted that the initial increase of Ra 

disappeared with the improvement of the surface state 
from 0.27 to 0.15 pro. We observed, however, that a 
low Ra value (0.07 pm), was reached after a chem- 
ical lapping depth of only 40 gm for sample 1 (Ral 
= 0.15 ~tm). On the other hand, 160 gm must be 

removed for sample 2 with worse initial roughness 
(Rai = 0.18 ~tm) before reaching the same value. These 
results confirm previous research on quartz sample 
preparation [15, 161 and emphasize its importance for 
the chemical lapping process. 

The effect of initial roughness is due to the slow 
polishing effect of the solvent used. Indeed, a high 
initial roughness corresponds to a thicker disturbed 
layer and leads to a more irregular bulk surface after 
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Figure 9 Roughness parameter Ra of different AT plates plotted 
against removed depth in N a O H H 2 0  at 166~ (--1-- plate 1, 

x - -  plate 2, - - 0 - -  plate 3, II, optical polished plate), 
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Figure l l  Dissolution rate of AT plates in NaOH,xH20 versus 
temperature ( + NaOH.0.56H20 , - - O - -  NaOH.H20 , - - � 9  
NaOH.2HzO ). 

TABLE II Characteristics of AT plates dissolved at 166~ in 
NaOH.HzO 

Plate ~ (ram) Initial frequency (MHz) Rai (lam) 

t 8 21 0,15 
2 6 10 0,18 
3 5 8 0.27 
4 5 25 0.004 

A ~ ~--~ ~ ^ ^-^ ^ _,,.,. t. , r A - - A  ~ ^ A A A - A  A A-~-A 

1 ........ , ............ { 

Dissolution of the disturbed layer 

CS223 
Figure 10 Schematic representation of crystal state under the dis- 
turbed layer. 

the removal of this disturbed layer as schematized in 
Fig. I0. The thinning down, to reach the same surface 
state, will increase with initial roughness value. 

In conclusion of the initial roughness influence, the 
improvement of quartz AT plate roughness is signific- 
antly accelerated using a smoother surface state for 
the controlled dissolution process. 

3.2.4. Dissolution kinetics of A T quartz plates 
in NaOH.H20 and NaOH.2H20 

The evolution of dissolution rate against temperature 
is plotted in Fig. I 1. Since the chemical lapping rate 
is strongly influenced by temperature, this parameter 
must be carefully checked during the adjustment of 
the resonator frequency. The exponential variation 
corresponds to a thermally activated mechanism, fol- 
lowing Arrhenius's law: 

kT = A e x p ( -  Ea/RT) 

kT being directly related to the thinning down rate. 
Ea can be calculated from: 

ln(V) = f(1/T) 
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with 
V = A ' e x p ( -  Ea/RT) 

where V = thinning down rate in lain h -  1, E, = activ- 
ation energy in kJmol  -~ and A ' =  the pre-expo- 
nential term including the frequency factor A and the 
solution concentration. Indeed, the variation of ln(V) 
against lIT is a straight line. This graph determines 
the E, value. Thus the activation energy correspond- 
ing to this dissolution process is E a = 91 kJ mol-1 for 
N a O H . H 2 0  and 88 kJmol-  ~ for NaOH.2H20.  

The low boiling point of NaOH.2H20  ( ,-, 158 ~ 
does not allow the use of this solvent under this 
temperature, and thus we can only measure the dis- 
solution rate. In this field, the dissolution rate is not 
very affected by temperature and, so, it is difficult to 
determine the small difference between the two dis- 
solution rates. Therefore, only a few values are avail- 
able to calculate the activation energy, so, the error 
must be more important than for NaOH'H20 .  

Nevertheless, we can say that the dilution of solvent 
affects the dissolution rate; in fact, the dilution in- 
creases kinetics but limits the usable temperature 
range. 

3.2.5. Conclusion for controlled dissolution 
of quartz ground A T cuts 

From all these results, the best conditions for the 
controlled dissolution of quartz AT cut plates seem to 
be the N a O H . H 2 0  medium. The dissolution process 
corresponds to a thermally activated mechanism 
where temperature has no effect upon the final surface 
state, but only upon the dissolution rate, and where 
the initial roughness of the sample can strongly 
modify the rate of improvement of fhe plate rough- 
ness. 

This study has been extended to other plate orienta- 
tions, and chiefly to the double-rotated SC plates 
which are widely used on an industrial scale. 

3.3. Controlled dissolution of quartz SC 
cut in NaOH'H20 

Many works [17-20] have shown the drastic influence 
of the wafer crystallographic orientation on the 



dissolution characteristics, and then, the SC cut 
behaviour in this solvent has been investigated. All 
the initial experiments have been carried out in 
N a O H . H 2 0  solvent which is the best one for the 
AT cut. 

3.3. 1. Controlled dissolution of polished 
SC plates in NaOH'H20 

As for the AT study, first the dissolution process of 
polished wafers was investigated in soda and the 
results are summarized in Table III. All the plates were 
thinned down at 174~ and the surface state evolu- 
tion was controlled. The maximum R a  value, obtained 
after 174 lam was removed, was 0.01 gm which corres- 
ponded to an optical polished surface state. Mean- 
while, for all tests, etch pits began to appear on one 
side of the plate after ~ 60 gm was removed (after 
that, the R a  value does not take into account these 
etch pits). 

3.3.2. Controlled dissolution of ground SC 
plates in NaOH.xH20 

For this purpose, discs 9 mm in diameter were used 
with an initial roughness value close to 0.11 l~m. 

As for the AT cut dissolution (Fig. 7), the thinning 
down rate was constant after an initial rapid decrease 
due to the superficial disturbed layer. The evolution of 
the surface texture against the chemical thinning down 
is plotted in Fig. 12. The R a  evolution sets out a 
drastic difference between two faces, as can be ob- 
served in Fig. 13, but converges to the same final 
roughness value, R a  ~ 0.06 gm. 

TABLE I I I  Characteristics of SC polished plates thinned down 
by NaOH.H20 

Plate Initial Ra (gm) Ae (gin) Final Ra Final Ra 

face 1 (lam) face 2 (/am) 

1 0.005 21.9 0.008 0.008 
2 0.005 11.7 0.008 0.008 
3 0.005 9 0.006 0.006 
4 0.005 62 0.008 0.008 
5 0.005 174 0.01 0.01 

Figure 13 Photographs of the two sides of SC cut in NaOH.H20 at 
174~ Removed depth =206gin.  (a) Side one magnification 
x 440. (b) Side two magnification x 440. (c) Side two, dissolution 

figure, magnification x 110. 

Unfortunately, as for the polished SC wafers, some 
etch pits begin to appear, only on one side of the plate 
(on the roughest face), after 60 gm removal, Fig. 13 
(the R a  parameter does not include these etch pits). If 
the thinning down is extended to 206 lain depth, the 
R a  value converges to 0.05 gm for the both faces (out 
of etch pits). 
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Figure 12 Roughness parameter Ra of the two sides of a SC plate 
plotted against removed depth in NaOH.H20 (--[ - -  Ra side 1, 
- -  x - -  Ra  side 2). 

3.3.3. Dissolution kinetics of quartz 
SC-cuts in NaOH.H20 

The dissolution rate of SC plates in sodium hydroxide 
against temperature is plotted in Fig. 14. Its expo- 
nential variation corresponds to a thermally activated 
mechanism, as found for AT plates. The activation 
energy 88 kJmol -*  is close to the value found for AT 
plates. 

3.3.4. Conclusion for controlled dissolution 
of quartz SC cuts 

From this preliminary study, the polishing effect of 
N a O H . H 2 0  medium for SC cuts seems not to be as 
good as for AT cuts. Indeed, the appearance of some 
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Figure 14 Dissolution rate V of SC plates in NaOH'H20 versus 
temperature. 

Figure 15 Well plate. 
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Figure 16 Two-pole resonator. 

TAB LE I V Reproducibility of the dissolution rate for five differ- 
ent wafers. The final frequency can be achieved withone or several 
thinning down steps 

large etch pits, distributed over one whole side of the 
sample, does not allow its use for a prolonged thinning 
down. Most probably, the etch pit formation must be 
favoured by crystal defects such as dislocations. 

3.4. Comparison of dissolution process 
between AT and SC cuts 

As already noted [17-20], the controlled dissolution 
process of quartz plates is drastically related to their 
crystallographic orientation. Drastic differences can 
appear, as well, in kinetics such as in smoothing, even 
for both sides of the same sample (SC cut), Figs 12 
and 7. 

For the single rotated AT cut, a 2-fold axis is lying 
in the wafer and, this explains the symmetry of dis- 
solution motive for both sides of the wafer. Now, for 
double rotated SC cut, the absence of a 2-fold axis 
gives different dissolution motives and surface texture 
for both sides of the sample. 

For the activation energy of the dissolution pro- 
cesses, they are equal in the range of their calculated 
relative error, ~ 6% (91 and 88 kJmo1-1 for AT and 
SC cuts, respectively in NaOH.H/O). Thus, this dis- 
solution process must follow the same thermally activ- 
ated mechanism. 

In conclusion, NaOH'H20  seems to be the best 
sodium hydroxide concentration for controlled dis- 
solution of quartz AT and SC cuts. Unfortunately, 
results have yet to be improved for prolonged thinning 
down of SC wafers. 

From these studies, first resonators have been re- 
alised by chemical lapping of AT cuts and initial 
results of their piezoelectric characteristics are given in 
the last section. 

Plate Time Initial Final Removed 
(min) frequency frequenc}r depth 

(MHz) (MHz) (/am) 

1 85 49.31 84.56 14.1 
2 85 49.33 84.63 14.1 
3 85 49.37 84.63 14.1 
4 83 49.71 84.72 13.9 
5 85 49.32 84.57 14.1 

TABLE V Electrical parameters of resonators obtained from 
controlled dissolution and IBE processes 

Resonators 

IBE Chemically lapped 

Fr (kHz) 82873 82870 
R (~) 28.59 27.02 
L (mH) 2.894 3.3721 
Q 52710 65000 
Q F  r 4.37 x 1022 5.38 x 1012 

4.1. SampLe preparation 
The objective was to realize 83 MHz resonators after 
metallization, i.e. 84.5 • 0.2 MHz before metallization 
(in fundamental mode). The final thickness of these 
samples, ~ 20 lam, required a stiffening of the external 
part of the plate by boring a central well, Figs 15 
and 16. 

Controlled dissolution of these plates was per- 
formed in sodium hydroxide solutions at 170 ~ with a 
dissolution rate near 10 gmh -1 for both sides of the 
wafer. Table IV summarizes the main results for five 
different wafers. 

4.2. Piezoelectr ic  charac te r iza t ions  
Two kinds of measurements were used: 

4. Piezoelectric character izat ion of 
resonators made by chemical  lapping 

To check the efficiency of the chemical lapping pro- 
cess, piezoelectric devices were produced after the 
controlled dissolution of AT quartz plates. In a first 
step, some high frequency AT resonators were tested 
to check their Q-factor and the reproducibility of the 
process. Then, four resonators were chosen to test a 
four-pole bandpass linear-phase filter. 

Air-gap method: The air gap method is a technique 
well adapted to the chemical lapping process because 
sample measurements can be made without adherent 
metallic electrodes. Some results from this method are 
given in Table IV, where all measurements are in the 
predetermined range, 84.5 __ 0.2 MHz. 

Resonator measurements: For two-pole resonators, 
metallic electrodes are deposited on the two faces of 
the plates by an evaporation technique and connected 
to a network analyser. Table V and Fig. 17 summarize 
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T A B L E  VI Electrical parameters and specifications of linear-phase filters 

Specifications 

Filters 

Chemically lapped IBE 

F c (kHz) 
BW(kHz)  at 3 dB 
IL (dB) 

Ba 
(kHz) 
Out  of band 
at tenuation (dB) 

25 dB 
40 dB 
50 dB 

83000 82986 83005 
180 200 213 

5.5 3.9 3.0 
F c + / -  200.0 + 175,0 - 183.8 ~ + / -  180 
F c + / - 2 8 5 . 0  +252,9  - 2 5 2 . 9  ~ + / - 2 6 0  
F~ + / -  1000.0 + 312.5 - 306.3 ~ + / -  330 
60 dB at 
+ / -  30 .0MHz - 8 7 . 3  +89 .0  > 8 0 d B  

82 870 kHz 

J 

Span 0.2 MHz I 

J\ 
\ 

\ /  
f -- 

Figure 17 Frequency response of resonator with plates chemically 
thinned down. 

/ o 

/ 
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~[ Fc=82 986 kHz 
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\ ,  
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Figure 18 Linear phase filter manufactured with chemically thinned 
down plates. 

comparative characteristics of the resonators obtained 
from controlled dissolution and IBE processes. From 
these initial results, the more traumatic chemical lap- 
ping seems to give specifications as least as good as 
those of the ion beam etching. 

In a last step, four-pole linear-phase filters were 
made from two chemically lapped resonators and two 
IBE ones. These filters were characterized by a fre- 
quency response which must be in the range of speci- 
fication defined by: 

(a) a bandwidth for a maximum insertion loss (IL) 
allowed: Amax. 

(b) an attenuated band for a minimum insertion 
loss allowed: Amin. 

The characteristics of these filters are given by Fc, 
central frequency, B W, bandwidth at n dB and Ba, 
attenuated band at n dB. Thus, these linear-phase 
filters are also characterized by a constant propaga- 
tion time t (delay) in a part of bandwidth. Filter 
characteristics and specifications are given in Table 
VI, and frequency response in Fig. 18. 

The characteristics here also confirm the attraction 
of an atraumatic controlled dissolution process [21]. 
These piezoelectric results show that the surface state 
reached is sufficient for BAW devices to be made. 

5. C o n c l u s i o n  
From previous works [9-14],  it appears that crystal 
growth and crystal dissolution are controlled by the 
same laws and, thus, we have investigated the chem- 
ical lapping of quartz in sodium hydroxide which is 
used in its crystal growth process, although dissolu- 
tion conditions are far from the crystal growth ones. 
In other terms, dissolution is a reversible phenomenon 
under certain conditions, whereas the etching agent 
commonly used, F - ,  involves an irreversible chemical 
reaction. 

Consequently, the word "etching" has never been 
used in this paper to avoid all confusion with the 
"controlled dissolution". From our point of view, the 
etching term must be reserved for irreversible pro- 
cesses such as quartz in fluoride media. On the other 
hand, the controlled dissolution implies that the phe- 
nomenon can be reversible, such as quartz in basic 
solvents. 

So, chemical lapping of AT and SC quartz cuts have 
been investigated in basic solvents. Then, conditions 
giving a good surface state with a definite thickness, in 
agreement with the required frequency, have been 
specified for AT and SC cuts in sodium hydroxide. 
Although the good results for AT cuts are beginning 
to be transferred to an industrial scale [21], conditions 
for SC cuts must still be improved 
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