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TYPES OF MOUNTED CRYSTAL UNITS PRODUCED   
 
Crystal Units  
 
The several types of crystal units produced are described in Tables I  and II appended which 
should be studied for a detailed analysis. The dimensions of several types of the most common 
production are given in Table III. 
 
Reference should also be made to Section 6.1 including Table VII in which information of the 
actual monthly production for 1944 of the various types is outlined. Briefly both oscillator and 
resonator crystals of similar cuts to those employed in the U.S. and the U.K. were 
manufactured.   
Thus low frequency-temperature coefficient bars (length mode) and face shear plates (contour 
mode) covering the range 50 to 500 kc/s and thickness shear plates (thickness mode) in the 
range 500 to 12000 kc /s were in production.   
In addition, a small number of thickness mode plates in the range 12000 to 50000 kc/s were 
manufactured, although large scale production of this special crystal was not carried out. In 
general the contour and thickness mode plates are circular and little work has been done on 
rectangular plates of these two types. In one form of thickness mode plate for use on 
frequencies  in the range 5000 to 12000 kc/s the circular plate is cut to form a roughly 
triangular plate in which the three corners are arcs of the circle, and it was stated that this form 
of plate gave an improved activity-temperature performance as compared with the circular or 
rectangular plate. 
 
Mountings 
 
It has been the practice to silver plate all the low frequency crystals by a silver spraying process 
and to solder the electrode connections directly on to the plated surfaces. The thickness shear 
mode plates are not plated, and, apart from the very high frequency plates which are mounted 
between concave electrodes (peripheral clamping), they are mounted in a three-point 
suspension system with adjustable air-gaps. 
 
No work had been done on glass envelope mountings and none of the mountings inspected 
were capable of true hermetic sealing under tropical conditions as is now the tendency with 
British items. 
 
A variety of sample crystal holders covering most production types was obtained and are 
described in Appendix III. All the holders employ phenolic moulded cases which appear to be 
of good quality but in no case have efforts been made to design holder of minimum size and 
none of the holders are capable of being sealed as thoroughly as are the new types of U.S.A. 



and British mountings. In fact it can be stated that few, if any of them would be suitable over 
long periods for field use under tropical conditions. 
 
Specification of Mounted Crystals 
  
Typical specifications for four types of Crystal unit are given in Appendix IV. All the 
specifications are for low frequency crystals, 130 kc/s bar, two unknown frequencies for 
oscillator plates in frequency meters and a 352 kc/s filter crystal. The two outstanding points 
arising from the specifications are the specifications of series resonant resistance as a figure of 
merit of oscillation, and, in the case or the 352 kc/s filter plate, the reference to ageing in para. 
13 which states that "Even after the quartz has been stored for 3 years, reckoned from the date 
of acceptance, the conditions referred to Co paragraphs 8 to 11 must still to fulfilled".   
(paragraphs 8 to 11 refer to frequency, frequency-temperature coefficient, series resonant 
resistance and self-inductance respectively). Apart from these two points the specifications do 
not call for comment. 
 
Performance of Sample Crystals 
 
Tests made on representative sample crystal, see Appendix IX, show the performance to be 
somewhat lower than that called for in the U.K. 
 
RAW MATERIAL  
 
Natural quartz Crystal  
 
The plant operated with at least 95% of Brazilian quartz, and, during the latter stages of the war, 
crystal for piezo-electric purposes was in short supply in Germany. According to Dr. Reuter, 
the German Government did not take any direct steps to accumulate a reserve of quartz prior to   
1939. Apparently the raw crystal was purchased from Brazil by importers of precious stones 
(these importers were situated mostly in the North Germany area), and crystal unit 
manufacturers selected and purchased from the importers as and when required. Steeg and 
Reuter had in stock in 1939 some 4000 to 5000 kg of good quality crystal and a smaller amount 
of low-grade crystal; the stock was mostly in the weight range 700 to 1500 grams although 
some larger stones were included. The firm was able to supplement the stock during the war, 
but as the war progressed the quality of available crystal deteriorated until in 1944 they were 
operating mainly with crystal in the weight range 200 to 300 grams. About 1940 the German 
Government froze all quartz stocks and allocated then to the various plants producing crystal 
units. Small amounts of Russian and Madagascan crystal were used, and whereas the 
Madagascan crystals was said to be unsuited for oscillator plates but satisfactory for resonators, 
the Russian crystal (selected from the source by experts) was said to be satisfactory for all 
piezo-electric uses. No information of the total amount of Russian quartz obtained Germany or 
of its source was available. Although it is doubtful whether the U.S.S.R. would consider the 
export of crystal to the U.K. it may be desirable for the Quartz Crystal Control, M.O.S., to call 
for a report from the Imperial Institute on the most likely Russian sources. The information on   
Russian crystal partly confirm that obtained by one of the investigators during a mission to the 
U.S.A. in which it was stated that a shipment of some 230 kg of Russian quartz was received by 
the U.S. Signal Corps in 1943. 
 
Apparently as in Britain, all possible economies were affected by the plant by the reduction in 
the size of the plates to meet particular specifications, e.g. a thickness shear mode plate same 40 



x 40 mm for 373 kc/s was replaced by a 10 mm dia. disc of similar frequency. The present 
stock of raw crystal held by Steeg and Reuter is believed to be about 2000 kg, about half being 
fair to vary good quality crystal in the weight range 200 to 1000 kg with a few larger stones and 
the remainder being low grade crystal. Inspection of representative samples indicated that a 
stock of good quality crystal was held. 
 
From Table IV, Section 3.4, it will be seen that a total of 1350 kg of crystal was consumed in 
1944, 39% in the weight range below 250 grams and 60% in the range below 700 grams. These 
figures clearly illustrate that material which has in the past in Britain been considered by many 
plants to be too small to cut is, as the quartz Crystal Control (M.O.S.) and the  
Telecommunications quartz Committee have always advised industry, suitable for the 
production of small crystal units.  
 
As discussed more fully in section 4.1, the inspection methods employed for the raw material 
were not so comprehensive as those used in Britain and it appears that little notice was taken of 
blue needles, bubbles, rain and other imperfections (not including extensive twinning) except 
for material required for high frequency plates. The general policy has been in fact to   
"cut and try" rather than to reject material which might or might not prove useless, a policy 
engendered by the shortages of raw material and one which has been advocated in both the 
U.S.A. and Britain. A fair amount of smokey quartz has been used quite satisfactorily after 
clearing the smokiness.    
Much of the Russian crystal is believed to be smokey and in order to facilitate the preparatory 
optical examinations, the crystal has been made clear by heating for about two days at 300°C. 
Both the heating and cooling cycles must be carried out quite slowly to minimize thermal 
gradients in the crystal and consequent fracturing. 
 
 Substitutes for Quartz  
 
Although no information was obtained regarding substitutes for quartz, Dr. Sobel stated that he 
had produced low frequency oscillator plates from Rochelle Salt crystals. As would be expected 
however, the plates were not stable and although Sobel has some ideas for improving stability 
with water-proofing materials, it is considered doubtful whether any ultimate success will be 
achieved with Rochelle Salt. 
 
Yield in Crystal Units per kg of Raw Material 
 
Some 78405 crystals were produced in 1944, (see section 6.1) for which it was stated a total of 
1350 kg of natural crystal was used, see Table IV. 
 
From these figures the average yield of crystal units per kg of raw material was about 50, a 
figure considered to be exceptionally high in terms of the crystal types being produced and it is 
believed that the actual figure must have been somewhat lower. While it is difficult to assess 
the efficiency in terms of a wide variety of crystal types and specifications, it is apparent that all 
practicable economics were effected in both cutting and lapping, to that in general the smallest 
practicable volume of quartz was used for each application, and that, in the case of low 
frequency crystals, appreciable twinning must have been permitted in the finished crystal. 
 
PRODUCTION PROCESSED 
 
Selection of natural Crystal 



 
The technique of examining the natural crystal before processing for twinning and flaws using 
polarised light and an intense light beam respectively in association with an immersion bath 
was not practised, optical examination being carried out only after two parallel surfaces had 
been cut and ground. The surfaces were wetted with Tetralin*, glass slips attached, and the 
prepared specimens were then ready for examination. Little notice appeared to be taken of 
minor imperfections such as blue needles, rain and bubbles, and, in general, the inspection 
methods were more suited to a Laboratory rather than to a factory. 
*Tetralin C6H4   CH2 - CH2  
                            CH2 - CH2  
 
AXIS  DETERMINATION 
 
Faced Crystal  
 
It is quite apparent even from a cursory inspection of the methods of axis determination which 
were employed, that these methods are a development of the optical aide of the firm's work, and 
that, while the instruments employed are of a high grade, this approach to the problem of large 
scaled production has handicapped production, being more suited to a development laboratory 
than to a Crystal plant. It is also quite clear that the latest methods of axis determination used in 
both this country and in the U.S.A. are much in advance of those practised at the plant. No X-
ray methods were employed, due perhaps to the difficulties of obtaining the equipment, and, in 
consequence the accuracy  of X and Y determinations was not of a high order. It was in fact, 
most comparable with that obtaining in this country pre-1939. 
 
With faced crystal, It was usual with crystals more than about 8 cms long to cut them into two 
(Z plane out), a parallel Z plane cut was then made on each piece and the Z axis found to within 
about ± 0°10' with a form of  iconoscope. The "handedness" of the crystal was then determined 
using the optical system described in Appendix V, after which the presence end extent of 
optical twinning was found in a simple form of polariscope comprising a pair of polaroid 
spectacles for the analyser and polarisation by reflection  for the polariser. An immersion bath 
was not used, the slab being held in the hand with glass slips and tetralin on the two prepared 
faces. Finally, the sense of the electric axis was checked on a simple piezo-electric tester, and 
the direction of the X axis determined from the prism or pyramid  faces. 
 
Unfaced Crystal 
 
The method of Z determination which although cumbersome is of interest since the first stage 
of the process has not been seen elsewhere, is fully described in Appendix VI. Briefly two 
parallel cuts are made on the unfaced Crystal and this is examined in a binocular microscope of 
low magnification, the crystal being placed on a mirror with a white light source below a cross 
scratched on the mirror. By virtues of the birefractive property of quartz two images of the 
cross are seen (complementary colours) and when the crystal is appropriately orientated in the 
instrument the Z axis is in a known plane. The plane containing Z is only determined 
approximately and a more accurate determination is made with a second optical instrument, the 
precise measurement (± 0°10') being achieved in an iconoscope. 
 
The X determination is fully detailed in Appendix VI and while of scientific interest the method 
is not particularly accurate and is unsuited to a bulk production process. The Z slab is heated to 
about 40°C, placed in a glass box with Z vertical, a small piece of brass in the form of a 



truncated cone is stood on the upturned Z face, the temperature of the brass being about 100°C 
and a small amount of fine powder (three parts sulphur and one part red lead) is blown into the 
top of the box through a fine gauze screen. The sulphur and red lead are negatively and 
positively charged respectively by friction and, due to the pyro-electric effect in quartz, the  two 
constituents of the powder separate and the sulphur in deposited on one alternate set of triangles 
in the Z plane and the red lead on the other set. Thus the two sets of triangles appear yellow and 
red and the boundaries are dark and are in the directions of the Y axes which can be found to be 
within  2°. To ensure a good pattern the quartz must be effectively degreased, a light etch finish 
being best, and the powder must be dry. The final determination of X is achieved indirectly by 
the old method of preparing a blank, measuring its frequency, computing its frequency-
thickness constant and then comparing this value with a curve showing the relation between 
angular error and frequency-thickness constant. It is usual to take a Y-cut blank where YY' is 5° 
and the blank is either 20 x 20 x 1 mm. or 10 x 10 x 0.4 mm. A copy of the correction curve 
which has been employed is given in Figure 1. This method of X axis determination is of 
course wasteful of both material and labour, it does not approach the accuracy obtainable with 
X-rays unit and the technique were not available, it is very surprising that the technicians in the 
plant had not developed along the lines of other X axis determining techniques such as the 
“Rivlin” method reflection from an etched X plane or even cleavage in a thin X slice.  If the 
axis determining method inspected is representative of those which were used by German 
plants, then the technique was a long way behind that employed in both Britain and the U.S.A. 
 
Cutting 
 
In the axis determining processes, Z has been found to within ±0°10’and X to better than ±1°, 
and the cutting process follow more or less conventional lines. Heavy, medium and light 
machines were employed, see Fig.2, all with long line diamond blades. The blades which are of 
special interest are detailed in table V.  They are of steel with fitted clamps and the normal 
build-up of a diamond charged set on the periphery is employed.  Fine radial slots are used in 
some of the saws. The two manufacturer of blades are:- 
 
      Johan Urbannek and Coy.                        Also at : Hainstadt-on-Main 
         Frankfurt –on-Main    Josephstrasse  56, 
 
                          And Ernest Winter and Son 
   Hamburg  19 
   Eppendorferweg  67. 
 

Gravity or hand feed is provided on the machines, the medium and heavy machines using 
ordinary plunge cutting and the light machines plough cutting in which the work is fed 
horizontally past the bottom of the saw. 

The block of quartz is sliced, the slices and blocks are lightly etched to show twinning, and the 
blanks are cut from the slices. Circular blanks are either first broken from the slices and then 
edge ground or trepanned out using a diamond charged tool. In the case of many of the circular 
blanks and some of the rectangular blanks, the slice was originally made several times the 
required thickness and the thick blank was then split to give several blanks of the required 
thickness. A similar process has been practised in Britain by one organisation. 

 



LAPPING 

General 

Corrections to Z slabs were made with a surface grinder of a type similar to the Norton machine 
and fitted with a diamond charged wheel, Fig. 2, special fixtures enabling specific angular 
corrections to be set up.  From the rough stage the blanks were cemented (a resin-wax 
compound) on to  optical flats of glass, as many as 200 on one glass plate, and the exposed 
surfaces were lapped in three stages (emery 90, 220 and a grade of electro rubin). The blanks 
were then turned over, recemented on rotary laps, Fig 3, on the glass plate and lapped to within 
0,001 mm. of the final dimension. A high grade Zeiss comparator, good to within 0.0001 mm. 
for comparative measurements, was available. After removal from the optical flat the blanks 
were leafed together and edges ground in the usual way, ±0.01 mm or better according to the 
application. 

It will be apparent that the automatic type of lapping using drill press type laps as practised in 
both the U.S.A. and Britain was not used, the lapping system having developed on optical lines. 

Lapping and Final Adjustment of Very High Frequency Thickness Shear Plates 

About 20 blanks, 15 mm dia. by some 2 mm thick some 2 mm thick, are waxed on to a 10 cm. 
dia. optical flat using a mixture of one part beeswax and three parts resin, and the blanks are 
given a fine optical polish on one side. The blanks are turned over on the optical flat, ground 
with graded abrasives until the oscillation frequency is within a few Mc/s. of the required value, 
removed from the optical flat, leafed together in sets of 15 between glass spacers and  the 
diameter is reduced to 11 mm, the edges being given a fine  matt finish The blanks are next 
reassembled  singly on small optical flats, polished face to the flat  and the  ground face is 
polished  to give the final frequency. During the process the blanks are compared  with a sub-
standard crystal  of the required  frequency  using a frequency comparator. The finished 
surfaces are made xxxxxx to the extent of about 0.25λ of sodium light on each face.  Special 
precautions are necessary to ensure cleanliness of the finished crystal  which is washed first in 
distilled water  and then in a filtered mixture of  methylated spirits and chloroform and the 
process may be repeated  two or even three times always finishing with the mixture. The later 
stages of the polishing process can be carried out only by exceptionally skilled optical workers 
who have received training in the particular process. Only two men in the plant were capable of 
the work and it was claimed that each man could produce 10 finished plates of one frequency in 
a day to within 0.02%.  Very special precautions were taken to ensure cleanliness of the 
process, each man operating in a small dust free room, no smoking being allowed.  
Unfortunately, the actual process could not be inspected since the plant was not in operation but 
if the quoted tolerance was actually achieved it does represent an excellent performance. 

Production Process for 130 kc/s  bars and 500 kc/s contour mode plates 
 
The detailed stages in the production of a 130 kc/s bar and a 500 kc/s plate as outlined by Dr. 
Reuter are briefly summarised in the following schedules. 
 
STAGES IN THE PRODUCTION OF A 500 KC/S CONTOUR MODE PLATE  
 
(1) The natural quartz: crystal is cut and examined. 
(2) The quartz blocks are etched.  



(3) The +P and -P pyramid faces are determined by etching. 
(4) The quartz block is cemented, with one of the P-faces at a definite  
      Angle, for sawing and grinding at the desired orientation (e.g. 125°) 
(5) The quartz block, arranged as in (4) is sawn. 
(6) The quartz block, arranged as in (4) is ground. 
(7) The quartz blocks are removed from the cement after (5) and (6).  
(8) The blocks are recemented and a face cut and ground parallel to that of (5) and (6).  
(9) The quartz block is cut into slices which are ground parallel. 
(10) The slices are etched. 
(11) The slices are examined and tested for suitability for use.   
(12) Circular blanks are cut from the slices. 
(13) The blanks are etched and tested for cracks, pitting and high spots. 
(14) Several blanks are cemented with the correctly orientated face downwards, on to a flat                              

glass plate, and ground parallel.   
(15)  The blanks are split into blanks of a definite thickness.   
(16)  The blanks are edge ground to the final diameter.  
 (18) The blanks are bevelled. 
(19) The blanks are tested in an oscillator and an initial frequency measurement is made. 
(20) Any necessary correction is made by lapping the faces and bevelling. 
(21) The adjusted crystals are tested for satisfactory operation in an oscillator.   
(22) The temperature coefficient is measured. 
 
STAGES IN THE PRODUCTION OF A 130 KC/S  BAR ( 5°) 
 
(1) The natural crystal is examined: 
       (A) Crystal with natural faces. 
       (B) Crystal without natural faces. 
(2) Two parallel faces are cut perpendicular to the Z axis 
       (A) Crystal with natural faces 
       (B) Crystal without natural faces. 
(3) The blocks are examined in polarized light to determine their suitability for use and best  
      application. 
(4) The Z blocks are etched. 
(4a) The usable parts (untwined) are marked off. 
(5) Two parallel faces are cut, perpendicular to an X axis.  
(5a) When no natural faces are present: 
       An appropriate determination is xxxx of the X axis direction, x.x., by the appearance or the 
      etch figures, or by Kundt’s method. 
(5b) Small samples plates are cut out into shape and ground parallel. 
(5c) The thickness of the sample plates is measured with an optimator (optical comparator) 
(5d) The frequency is measured with the sample plate oscillating in the thickness mode. 
(5e) The thickness/frequency constant is determined from (5c) and (5a), and from the difference  
        between this and the correct value, the angular error between Z and X is determined. 
(5f) The final X-face is ground on the quartz block, using the result obtained in (5c). 
(6) Two parallel Y-faces are cut perpendicular to the direction determined in (5). 
(7) One of the X-faces is ground in order to correct for small errors in Y and Z axis. Errors not  
       to exceed 0°10’, tested with contact goniometer. 
(8) The angular error of the face to the Z axis is reduced to within ±2’ -3’ by measurement of  
      the angle to give extinction in polarized light, observation being made in the Y-axis  
      direction. 



(9) A face is ground parallel to the correctly-orientated X-face. 
(10) The slab is etched and the untwined parts marked off. 
(11) The direction of positive Y and Z axis in the X face are determined. 
(12) The inclined bar direction at + 95° to the Z axis or 5° to the Y axis is marked on the slab. 
(13) A cut perpendicular to the X face is made in the +5° direction. 
(14a) The 5° surface is tested by means of the contact goniometer. 
(14b) The face is corrected to within ± 0°5’ using a polarisation-microscope.  
(15) 5° faces are cut parallel. 
(16) The parallel faces are ground to within 0°2’. 
(17) The pieces of quartz is orientated as described in (13-16) and cut into bars with sufficient  
        allowance over the length. 
(18) The cut bars are etched and tested and the ends of the bars marked off to include the  
        cleanest place. 
(19) A number of bars are cemented together in approximate alignment, and sawn off to the  
        required length. 
(20) The bars are sawn off to the required breadth and thickness. 
(21) The major surfaces of the bars are cemented on to glass plates, and lapped on both sides to  
        the final thickness. 
(22) The bars are cemented together and ground down together to the final length and breadth. 
(23) The bars are cleaned. 
(24) The bars are silvered. 
(25) The frequency is adjusted by correcting the length. 
(26) The crystals are cleaned. 
  
FINISHING  PROCEDURES 
 
L.F. Bars and Face Shear 
 
The silver plating of the crystals major surfaces is accomplished by a spaying and baking 
process. The actual soldering of the connector wires to the silver plating is comparatively crude 
and unsuited for the bulk production of high grade crystals. A glass fibre brush is used to 
remove silver plating and to provide frequency adjustment.  Additional adjustment is obtained 
by edge grinding where necessary. 
 
Thickness Shear Plates up to 10 Mc/s 
 
The final frequency adjustment is obtained by hand lapping with fine abrasive (Electro-Rubin) 
and frequent cleaning in chloroform methylated spirit mixture, with repeated checks on 
frequency until within tolerance. 
 
Thickness Shear Plates up to 10-50 Mc/s 
 
In the process small quartz laps and rouge are used, the cleaning being accomplished with a 
filtered chloroform-methylated spirit mixture. 
 
Manufacturing Rejects 
 
The quoted reject rates for several types of crystal in the final testing is given in table VI. 
 
TESTING OF FINISHED CRYSTAL UNITS 



 
L.F. Bars and face shear plates 
 
The frequency and series resistance, of L.F. crystal bars and plates were measured in (a) 
Heegner oscillator, Figures 4C and 5 at room temperature. In addition, about 2% of each type 
were given a run lasting about 30 minutes during which the temperature was changed by a 
specific amount, the usual range being 0° to 60° and the frequency, series resistance (relative) 
and temperature were plotted by a recording milliammeter, Figure 5. 
 
Thickness shear mode plates up to 10 Mc/s 
 
Plates of frequencies up to 5Mc/s were tested for frequency and series resistance in the Heegner 
test set, whilst the frequencies of 5 Mc/s to 10 Mc/s plates were measured in a tuned oscillator, 
usually with a capacitance of specified value in parallel with the crystal. 
 
All HF crystals were tested (in batches of 30) in a temperature controlled chamber, and their 
frequencies measured at 0°C, +20°C, +30°C, and 50°C. From the results obtained, an 
appropriate frequency/temperature curve could be drawn for each crystal. It will be appreciated 
that this method only gives the performance at the four specified temperature and no 
information of performance over the complete temperature range. 
 
Thickness shear mode plates up to 30 Mc/s 
 
The frequency and activity measurements were made in a tuned anode oscillator, but no 
external capacitance was used. A percentage of the finished units were measured for frequency 
and activity over a range of temperature. 
 
EQUIPMENT 
 
Selection or quartz 
 
Three ovens were available for clearing smokey quartz; each had a capacity of some 105 cc, 
and was capable of regulation such that the temperature could be raised to +300°C and lowered 
again to room temperature, the whole cycle lasting 2-5 days. 
 
No immersion baths, such as area generally used in Britain and the U.S.A. for examination of 
raw quartz, were available and in general the equipment available and in general the equipment 
available for grading did not appear to be up to the standard of standard British equipment. 
 
Axis determination 
 
Dr. Steeg and Reuter, being manufacturers of optical apparatus were naturally well equipped in 
this respect. Several iconoscopes, microscopes, polarised light inspection equipments and 
equipments for the optical determination of "handedness" were available. Here again, however, 
the instruments, while capable of precise work, were of a type unsuited for bulk production. 
 
 
 
Cutting 
 



The cutting equipment, Fig. 2, which included two sawing machines with 150 mm, 400 mm, 
and 600 mm diamond-set saws, and one or two machines of  smaller size follows closely the 
principles of some types of British machines. The machines are not, however, capable of the 
precise cutting which can be accomplished with some of the more recent British designs. There 
were also one or two diamond set disk grinding machines for edge or surface grinding and a 
grinding machine which was in use for bevelling.   
 
The diamond saws used, Section 4.3, Table V, appeared to be of sound design, and should be, 
economical in cutting in view of the comparatively thin cutting edges (down to 0.6 mm for a 15 
cm dia. saw) 
 
Lapping 
 
Approximately 8 rotary lapping machines, Fig. 3, were available for use, with steel and brass 
laps of various diameters from 10 to 25 cm approximately. Several small electrically-driven 
machines employing quartz laps were used for final adjustment of H.F. plates. The machines 
were somewhat similar to many used in Britain although no “drill press type”. laps were seen. 
In fact the lapping is based on the optical technique and a high degree of skill is called for if a 
satisfactory product is to be produced.  
  
Test Equipment 
 
Two test positions, Fig. 5, for the final checking of crystals were available; each was provided 
with the Heegner test oscillator, a tuned anode oscillator, a standard tunable oscillator, a crystal 
oscillator for limit frequencies and a receiver. 
There were two equipments for making frequency/ or activity/temperature records. In addition 
to the above, several test points were provided in the lapping room for approximate frequency 
and activity checking during the later stages of production. 
 
PRODUCTION 
 
Production in 1944 
 
Of the total operating staff of some 35 employed on crystal production in 1944, some 15 men 
were men and the reminder full-time and part-time women, the full-time workers doing a 10-
hour day and the part-timers about 5 hours per day.  A total of 78,405 finished crystals were 
produced during the year, and, assuming 80 operators on an 8 hour day, the average weekly  
output per operator was some 19 crystals. This is a very satisfactory production rate, 
appreciably higher than the corresponding figure for the U.K. industry but it is somewhat 
difficult and may be misleading to make comparisons since the actual production is entirely 
dependent on the crystal types and the German plant produced 70% of its crystals in the 
frequency range below 500 kc/s whereas the U.K. plants have concentrated  primarily on plates 
in the range 5 to 8 Mc/s which are is general more difficult to produce than the lower frequency 
crystals. A detailed analysis of 1944 production in terms of frequency range and monthly 
figures is given in Table VII. 
 
AGEING OF CRYSTAL UNITS 
 
It is of special interest to note that the "ageing" effect on finished crystal units, in particular of 
thickness shear mode plates of frequencies above 5000 kc/s whereby the activity progressively 



falls with some cases ceases completely, had not received serious study. The process of 
"etching-to-frequency" with hydrofluoric acid, now a standard practice in both the U.S.A. and 
Britain as a means or stabilising the crystal, has not been used, and it would appear that the 
subject may have received a much more detailed study in these countries than in Germany. One 
reason for this may be that apart from a fairly small application of very high frequency plates 
up to 50 mc/s the tendency in Germany has been to employ low frequency crystals, in which 
the ageing  effect  is extremely small as frequency calibrators rather than to use crystal control 
by high frequency crystal in the universal manner which has been employed  both by the U.S.A. 
and Britain. Another factor which may have reduced effects on the high frequency plates 
produced by the plant is the very fine surface finish provided by a very carefully graded 
abrasive process, although it is definitely known that even such crystals are subject to ageing. 
The very high frequency plates produced in small numbers by the plant and in greater quantities 
by Zeiss are of special interest inasmuch as the two major surfaces are given a fine polish since 
such a process must cause a flow of quartz on the surface and hence destroy the crystalline 
structure for a depth very appreciable in terms of the crystal thickness. The loss of the 
crystalline structure at the major surfaces is known to cause ageing and in these circumstances 
it is somewhat surprising that good oscillators can be so produced. 
 
The stabilisation of the silver plated low frequency crystals by baking at 300°C for four hours 
before soldering has a good effect in that it tends to drive off any moisture trapped between the 
quartz and the plating. 
 
The lack of detailed information in the plant on ageing and their prevention is surprising, and, if 
the plant is typical of the German industry, it clearly demonstrate that the German are lagging 
appreciable in respect of both production technique and developments. 
 
CRYSTAL DRIVE CIRCUITS USED FOR TESTING  
 
Heegner Circuit 
 
The frequency and effective series resistance of all crystals of frequencies lower than 5 Mc/s 
were measured in an oscillator of this type using two EF 14 type pentodes (see Fig. 4C). The 
crystal to be tested was connected through a capacitance from the anode of the first, to the grid 
of the second valve. 
 
The anode and grid resistance of the first and second valves respectively were adjusted until 
oscillation was just maintained.  The oscillator frequency was measured by comparison with 
two frequencies obtained from upper and lower limit crystals operating in a second oscillator.  
A wide range receiver was used to detect the heterodyne frequency and the latter was measured 
on an A.E.G. direct reading frequency-meter having a frequency range of 1-60000c/s.  
 
The effective series resistance resistances was measured by substituting for the crystal, a 
calibrated variable resistance, the value of which could be adjusted to give the same anode 
current.  This value could be equal approximately to the effective series resistance of the 
crystal, the accuracy of measurement becoming lower toward the higher frequency limit (5 
Mc/s). 
 
Tuned Anode circuit 
 



Crystals of frequency between 5 and 10 Mc/s were tested in a conventional tuned anode circuit 
(Fig. 4a) using a type EF12 valve.  A capacitance was connected in parallel with the crystal, 
normally adjusted to 100 pF but this could be varied according to specification requirements.  A 
meter was included in series with the H.T. feed to the anode to give an indication of the activity 
of the crystal. 
 
A similar circuit, but without the parallel grid capacitance, was used for testing plates above 10 
Mc/s. 
 
Grid-Anode (Untuned) Circuit 
 
This, commonly known as the Pierce oscillator circuit, was not generally used for testing, but 
had been used for heterodyne oscillators, etc. (Fig. 6a). 
 
Electron-coupled Oscillator (Fig. 6b) 
 
This circuit was occasionally employed in cases were appreciable voltage was required at a 
harmonic of the crystal frequency. 
 
Series resonance Oscillator (Fig. 4b) 
 
This was sometimes used, as an alternative to the Heegner circuit, when operation of the 
crystals at their series resonant frequency was desired. 
 
OTHER GERMAN CRYSTAL UNIT PRODUCERS 
 
 It was confirmed that the other main crystal unit manufacturers were:  
 Zeiss - Ponneck, South of Jena  
 Telefunken - Grünberg, Upper Silesia 
 Lorenz - Berlin, and Upper Silesia 
 Halle - Berlin, Steglitz 
 Opta - Leipzig  
 Quartz Keramik - Stockdorf Bei Munchen, Gautingenstrasse 121 
    (Herr Handrek) 
 
No information of the production of these plants was available, due no doubt to the absolute 
minimum of information given to each plant by the orderers of crystals, and to lack of direct 
technical co-operation between plants. It is understood that in the later stage of the war Dr. 
Beckmain did co-ordinate methods and developments on the behalf of the government but from 
discussions it did not appear that there had been that free interchange of information between 
firms and research organisations which was obtained in both Britain and the U.S.A. for the past 
few years. 
 
STANDARD FREQUENCY  SOURCE 
 
General 
 
A frequency sub-standard giving a harmonic series which would be used for frequency 
comparisons in the production processes was installed. The rate of the sub-standard was 



checked against time signals, and it was claimed that the assembly was capable of a stability of 
± 1 x 10-8 over several months. 
 
Description  
 
The crystal controlled master oscillator operated at a frequency of 100 kc/s, using a special 
circular face-shear mode crystal of 36° 55' cut, contained in a sealed and evacuated glass tube. 
The crystal had had been aged in varying temperatures for a period of six months prior to being 
put into service. The oscillator was of a conventional tuned-anode type, with the crystal in the 
grid circuit. A variable capacitance in parallel with the crystal enabled some frequency 
adjustment to be made. 
 
Frequency dividers with buffer amplifiers were used to give standard frequency outputs at 100 
kc/s, 10 kc/s and 1 kc/s, which were fed via concentric cables, to several test points located in 
various parts of the building. 
 
The complete apparatus was operated from the A.C. mains through a Siemens regulating 
transformer, and all H.T. supplies to the various circuits were stabilised by neon-filled regulator 
tubes.  
 
The complete equipment was permanently installed in a special room in the basement, to give 
protection against vibration and shocks, and the temperature inside the room was 
thermostatically controlled. 
 
Performance 
 
The 1 kc/s amplifier was used to supply power for operating a synchronous clock, the rate of 
which was periodically checked with reference to the rhythmic time signals from 
Deutschlandsender and it was claimed that the frequency could be maintained correct to within 
1 in 10-8 over a period of some months. However it is considered extremely unlikely that the 
equipment when in operation did give this performance. It should however be capable of a  
stability within ± 1 x 10-7, a figure well inside the frequency tolerances specified for the 
Crystal units produced. 
 
ULTRASONIC QUARTZ  GENERATORS 
 
In addition to the production of quartz oscillators and resonators, appreciable work has been 
carried out on ultrasonic vibrators. A comprehensive catalogue was issued by the firm and a 
precis of the information contained in this catalogue which is of some interest is given in 
Appendix VIII. 
 
COMPARISON OF STEEG AND REUTER AND BRITISH TECHNIQUES    
 
Raw Material 
 
Quality of raw material was almost equal to that being used in Britain, but the size of average 
crystal was much lower. 
 
Steeg and Reuter (S.R.) methods of inspection were not so well suited to  bulk production as 
those used in Britain. 



 
 S.R. quoted a higher yield of crystal plates per kg than is obtained here. 
 
Axis Determination 
 
Axis Determination is very crude compared with that used here, the X-ray technique has not 
been applied by S.R. 
 
Cutting 
 
It is thought that the British cutting is somewhat more accurate, otherwise  little difference. 
 
Lapping 
  
S.R. have based their lapping technique on methods which have been used for long time by 
optical workers and consequently have, not achieved the high degree of automatisation which is 
the case in Britain. 
 
Ageing 
 
No work has been done by S.R. on crystal ageing and the etch-to-finish technique used here is 
not practised. 
 
Quality of finished crystal units 
 
The sample crystals tested indicate that in general S.R. have not meet such tight specifications 
as are called for here. 
 
Activity test 
 
In general S.R. used the series resistance of the plate as a measure of activity. 
 
Equipment 
 
The equipments for inspection of the natural crystal used for axis determination are not so well 
suited as British apparatus for the factory production of crystal units. The cutting equipment is 
not so different, but little has been done to set up automatic lapping processes as practised is 
this country. 
 
CONCLUSIONS 
 
(i)  The technique which has employed by Drs. Steeg and Reuter in the production of quartz 
crystal oscillator and resonator units is not generally so advanced as that now being used in 
both Britain and the U.S.A. and it is considered that little of the information obtained as a result  
of the inspection is worthy of incorporation in the British industry. 
 
(ii)  The three most outstanding points observed were the small-scale production of very 
high frequency thickness-shear crystals, the comparatively large amount of small crystal used 
and the work on ultrasonic generators. 
 



(iii)  Regarding the high-frequency crystals, they have only been made on a small scale by 
highly skilled operators and it is considered doubtful whether this approach to the problem of 
crystal control on the V.H.F. and U.H.F. bands is the best approach. 
 
(iv)  The use of very small natural crystal has obviously been forced on German plants due 
to the comparative scarcity of larger material and clearly shows that small crystal of good 
quality can be used effectively for the production of the smaller type of plate now being 
employed. 
 
(v)  The work on ultrasonic generators and in particular on the mountings may be of 
considerable interest and is worthy of close study. 
 
 (vi)  Little work appears to have been carried out on the ageing of quartz crystal units. 
 
(vii) No information was obtained on the artificial growth of and alternatives to quartz, a 
problem which is now becoming an urgent one in view of the scarcity of good quality Brazilian 
crystal, and it is desirable that this question should be actively followed up in Germany. 
 
(viii)  No details of the technique practised by other German Crystal manufacturers was 
obtained. (It is believed that the more important of these plants are in the Russian zone). It is 
considered important that, if practicable, steps be taken to obtain copies of the appropriate 
Russian Reports or, alternatively, that British investigators be given the opportunity of seeing 
the plants. 
 
(ix)  The plant is undamaged and some 2000 kg of quartz is hold in stock. If the plant is not 
to be allowed to resume production of quartz crystals or of optical equipment, then the question 
of the disposal of the quartz will have to be considered. 
 
     TABLE  III  

 SIZES OF BARS AND PLATES FOR SPECIFIC  FREQUENCIES 

   BARS ( LONGITUDINAL VIBRATION ) 

Frequency in  Kc/s Sizes  in  mm Angle of cut 
60 1.5 x 5 x 47.0 5° 
75 1.5 x 5 x 38.0 5° 
100 0.5 x 5 x 28.4 5° 
130 0.41 x 4 x 21.6 5° 
100 1.5 x 14.6 x 29.5 20° 

 

    PLATES  ( FACE SHEAR VIBRATION ) 

Frequency in  Kc/s Sizes  in  mm Angle of cut 
100 1.25 X 26 dia. 36° 55’ 
130 1.25 x 30 dia. 126° 55’ 
250 1 x 11.9 x 11.9 126° 45’ 
350 0.56 x 10.9  dia. 126° 45’  

 



   PLATES  ( THICKNESS  VIBRATION ) 

Frequency in  Kc/s Sizes  in  mm Angle of cut 
500 3.52 x 18 dia. 124° 10’ 
750 2.65 x 18 dia. 124° 30’ 
1000 1.700 x 18 dia. 125° 
2000 0.845 x 18 dia. 125° 
3000 0.571 x 18 dia. 125° 
5000 0.338 x 18 dia. 125° 
5850 0.440 x 18 dia. 40°50’ 
6260 0.407 x 18 dia. 40°50’ 
10000 0.254 x 18 dia. 40°50’ 
10000 0.254 x 11 dia. 40°50’ 

 

          TABLE  IV 

   NATURAL  QUARTZ  CRYSTAL  CUT  IN 1944 

Weight Range     
in grams 

25-250 250-700 700-1000 1000-3000 Over 3000 Total Used 

Crystal used in 
kg 

527 288 57 325 163 1350 

Percent in each 
weight range 

39% 21% 5% 23% 12% - 

      

TABLE  V 

DETAILS  OF  SAWS 

Diameter 
mm 

Material Thickness  of   
periphery    

mm 

RPM     
Lubricant 

Life  in    
sq. cm 

Cutting  
speed    

sq.cm/ min. 

Manufacturer 

60 Steel 1.1 800 light oil 3000 7 Winter 

40 Steel 0.9 1400 light “ 2000 2 Winter 

60 Steel 0.6 2400 light “ 1000 1 Winter 

60 Steel 0.6 4000 light “ 1000 4 Urbanck 

 

      



TABLE  VI 

       MANUFACTURING  REJECTS  IN THE MASS PRODUCTION 

           OF  CRYSTALS 

(1) 600 kc/s Total number produced 265 delivered  98.11%                                                     
     accepted 260 rejected      1.88%                                                  
      rejected     5  

(2) 750 kc/s Total number produced 248 delivered  85.08%                                                     
     accepted 211 rejected     14.91%                                                  
      rejected 37 

(3) 996 kc/s Total number produced 141 delivered  90.07%                                                    
     accepted 127 rejected      9.92%                                                  
      rejected 14 

(4) 1000 kc/s Total number produced 450 delivered  96.88%                                                     
     accepted 436 rejected      3.11%                                                  
      rejected 14 

(5) 5850 kc/s Total number produced 650 delivered  88.92%                                                     
     accepted 578 rejected     11.07%                                                  
      rejected 72 

(6) Bar 60 kc/s Total number produced 217 delivered  93.08%                                                     
     accepted 202 rejected      6.91%                                                  
      rejected 15 

(7)  K-PL 250 kc/s (unmounted) 

   Total number produced 900 delivered  92.22%                                                     
     accepted 830 rejected      3.66%                                                  
      rejected 33 

 


