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The present invention relates to the fabrica- further approximation of desired frequency by 
tion of quartz crystals for electric oscillators. unskilled labor with greater speed and depend 
In accordance with one method of fabricat- . ability. However, the final accurate adjustment 

ing quartz crystal dielectric elements for electric of dimensions of the resonator to obtain exactly 
oscillators or resonators, the crystal elements is a desired frequency may be carried out by a 
are shaped to approximate desired dimensions hand-lapping operation. 
by mechanical operations, and then the crystals If considerable abrasive from a grinding opera 
are reduced in thickness mechanically until a tion is embedded in the surface of the quartz 
desired piezo-electric vibration frequency is at- blanks as a result of the rough grinding, then, 
tained. It has been proposed to Subject the 0 preliminary to subjecting the blanks to a timed 
crystal elements to chemical erosion by hydro- acid treatment, the abrasive should be removed 
fluoric acid in order to supplement and facilitate by a cleaning operation in an etching reagent. 
the mechanical dimensioning of the resonators It is also desirable that oil or grease on the Sur 
to cbtain a desired frequency. It was found, face, even in the minute amounts derived from 
however, that the dissolving action of the hydro- is the skin when handling blanks, should be re 
fluoric acid was too variable and erratic to be moved before subjecting the blanks to the etch 
dependable. The rate of removal of quartz per ing reagent. This may be done by Washing with 
unit of time was not uniform and an undesirable acetone. 
uneven dissolving action. Occurred. One area. On The clean crystals are subjected for a predeter 
the surface of blanks being treated may be at- 20 mined period of time at room temperature to the 
tacked with greater vigor than other areas, etching bath comprising an aqueous solution of 
thereby producing irregularities in dimensions hydrofluoric acid and ammonium acid fluoride 
which, in turn, affect the vibration frequency. (NHHF). Concentrated hydrofluoric acid is 
As a consequence, an undesirable variability preferred as with weak acid the process is too 

in characteristics results when a batch of Oscil- 25 slow. Commercial hydrofluoric acid consisting 
lator elements of the same size is subjected of an aqueous solution of HF containing about 
simultaneously to the same hydrofluoric acid 47 to 53 per cent of hydrofluoric acid may be 
treatment for the same length of time. In other used. It should be saturated with ammonium 
words, the time required to produce a desired bifluoride. About 35 grams of the ammonium 
increase in vibration frequency cannot accurately 80 bifluoride is dissolved in a sufficient amount of 
be predetermined under such conditions. . the commercial acid to produce 100 cc. of solu 

In accordance with my invention the chemical tion. 
activity between silica articles being treated and The etching rate of a given reagent may be de 
the acid etching reagent is regulated by associat- termined by measuring the frequency of a chosen 
ing the acid reagent with an effective amount of 35 oscillator plate, exposing it for a given length . 
ammonium bifluoride which functions as a of time, for example one minute, to the etching 
stabilizer. . ... effect of the reagent, and then, after carefully 
As a consequence of my invention the etching cleaning the plate, again determining the fre 

effect, or removal of silica from the surface of quency of oscillation. When the etching rate 
an article of crystalline silica, is rendered uni- 40 is reproducible with time, as is true when using 
form in distribution and occurs with a uniform the mixture above given, then a multiple of the 
rate which makes it possible to secure a prede- unit time will give a predictable increase of fre 
termined result in a given time. . . . . quency. With a quartz oscillator crystal oscil 
In carrying out my invention resonator ele- lating at 2500 kc., the etching rate at 25 C. may 

ments of quartz are fabricated by cutting and be 1.4 kc. per minute while an oscillator of 
rough grinding the oscillators to approximately 4600 kc. may have an etching rate of 1.8 kc. 
a desired order of frequency, for example, to ap- per minute. The etching rate will be different 
proximately 6000 kilocycles. As is well known, for different grades of quartz and even for dif 
the frequency of piezo-electric oscillation is ferent sections of the same crystal. 
critically dependent on the thickness of the oscil- 50 he crystal blanks should be supported by a 
lating dielectric elements. If a slightly higher . chemically inert holder, as for example a holder 
frequency is desired, careful grinding by highly consisting of platinum or chronium steel, or of 
skilled operators is required until the desired suitable non-reactive, resinous material. Relative 
frequency is attained. Chemical reduction in motion between thereagent and the quartzblanks thicknes, if accurately controllable, permits should be produced either by moving the quartz 



ing to renew the sol Eton in contact with the sur 
faces to be dissolved and to brush away gas bulb 
bles. The duration of the treating time will vary 
in accordance with the conditions, such for ex 
sample as the temperature of the reagent, the 
anolent of material to be removed and the con 
Centration of the reagent, but in general it may 
ye said that the duration of etching ordinarily 
Will fall within the limits of about ten minutes 
to one hour. For example, if a frequency of 6030 
kc. is desired, a late which resonates at 6000 kc. 

- may be exposed to the etching reagent for about 
ten inities. 
As the construction of piezo-electric oscillators 

containing dielectric elements consisting of thin 
plates of crystalline quartz, are well understood in 
tie art, it is not necessary to described them in 
connection with the preseat rathod. 
With a predetermined set of conditions for the 

etching, it is possible by the practice of my in 
Vention to predetermiae the ancint of material 
removed during a given period and thereby to ag 
proximate closely, the frequency desired in the 
oscillating elements. The amount of skilled hand 
labor for the final adjustment of frequency thus 
is reduced to a minimurn. 
Quartz oscillator plates or other shaped quartz 

articles after being treated by contact with a re 
agent embodying my invention have a smoot. 
polished surface. 
The concentration of the solution as etching 

proceeds should be restored by approximate. 
Eneasures as the reaction proceeds in quantity 
production, for example by introducing anhydrous 
hydrofluoric acid to replace acid lost by reaction 
with the silica. . W 
After the etching has been completed, the os 

cillator element should be very carefully cleaned 
to remove traces of reagent. It is desirable to 
rinse first with distilled water, then with a dilute 
solution of ammonium hydroxide, then to again 
Wash. with water, which preferably should be 
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isian's or by stirring tile solution, the object be-, heated, and finally to rise with ace:023. 

rinsing operation, after the etching has kee: 302s 
pleted, may be carried out in Sore cases; to: 
ing the Completed elements for acuit, tes. It is 22:3: 
in a relatively large quantity of distilled Wales. 

Careful and thorough clearing is desirable 3 
maintain the 'acidity' or iyeliness o oscieties 
of the quartz resonators. 
What I claim as new and desire to Secure sy 

Letters Patent of the United States is: 
1. The method of fabricating resogato; 

Crystallie quartz, which consists in Recia, 
shaping said articles to approximate sizes, 5 
jecting the shaped articles to the dissolving 
tion of an aqueous solutioI2 or raycotoxic 
and ammonium bifluoride until E, desired size 
aas been further approxirated, Washing Said 
resorators With Sufficient, thoroughgatess to re 
Ylove, titaces of adhering reagent, and finally cozi 
peting Enechanically accurate dimensional sizing 
of said resonators. 

2. The raethod of effecting desired change it. 
piezo-electric vibration frequency of crystalline 
Clatz, resonal Or elementS which consists in in 

is mersing said elements in an aqueous solution sub 
Stantially Saturated with hydrofluoric acid and . 
aminorium bifluoride and having a substantially 
constant predetermined chemical activity and re. 
moving said elements upon the elapse of a cal 
culated tiane interval whereby a desired dimen 
SiOxna reduction is attained. 

3. The method of treating a quartz oscillator 
Crystal to adjust the rate of oscillation tereof 
which consists in subjecting said crystal to a re 
agent consisting of a concentrated aqueous scu 
tion of hydrofluoric acid and ammonium bifluo 
ride for a sufficient length of time to cause the 
oscillation frequency of said crystal to approxi 
mate the desired working frequency thereof and 
then completing the adjustment of frequency by 
reducing the thickness of said crystal mechani 
cally. . 
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