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1. abstract 
3« 

HuitIp1* cutting va» tried In an 

attempt to Increase accuracy In sawing wafers. 

Using a Felker Saw for this investigation presented 

problems that were too numerous to pursue and yet 

justify this added effort on this contract« 

Bfforts were then concentrated on 

increasing cutting accuracy using single blade 

operation on Felker Saws. It wae found that the 

ure of plywood blocke for mounting X sections 

and t>»<n saw blades for cutting was responsible 

for a wide angular spread It was tha* decided 

to try mounting X sections on Olese plates 

insteed of wood and to use .045" thick sav blades 

InsUad of .025" thirk blad*«. Results showed 

that the use of gis' pistes and thicker 

saw blades greatly Increased cutting accuracy. 

The next problem pursued was to 

transfer this accuracy into a productive yield. 

It was found that svsn though the saws out 

accurately, the angular prese of a day’s cutting 

production was extrema. Iha trouble was traced 

wack to the X-ray procedure of cheeking trial 

cuts and tto coarseness of the X-ray readings. 
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Bi « «tUnpt to OotoroBi« th» 

opttc.l Mita of cut too the tcJerv.ce» required, 

extensive vork prevlou»!/ done on control 8roup» 

of crystal» cut at specific angles, were re¬ 

evaluated and then re processed. Consistent 

results of slallar control groups were attained 

es a result of nore refined neaeurenente of the 

22' angle, and hotter Co-relation of temperature 

end points. Option»» angles of cut for the 

fro que nc lee specified In the contract were 

* a«terminefl 

In order to take advantage of temperature 

characteristic* emanating from Hanks cut to 

the »elected optimum engle, additional work 

waa Perforai to develop an efficient method 

of adjusting the crystals mora precisely at room 

temperature. Paflnlng the scale of the 

frequency deviation atar yielded more accuracy. 

Continued Inveatlgatlona of eoldarlng methods 

Indicated ta induction iieat athod to to most 

promisIng» 

t 



2. PURPOSE 
6c 

Th« purpose of this la dust rial 

trepar«dnasn Study Is to develop fabricating 

methods and production »pacifications for 

the fabricating of tighter tolerance crystal 

unite operating within £• 0025JÍ of noalnal 

frequency over the temperature range of 

-•55 'C to /90°C* The designation given to 

this miniature fundamental mode crystal unit 1» 

fR‘(XM-2?)/Uo 

In order to accomplish t a above this 

study has been divided Into three parts» 

These three phases are as follows* 

This includes the study of cutting closer tolermce 

blanks productively, refined measurements of lapped 

blanks and angle shift during lapping. 

After establishing the optimum angle for 

tighter tolerance crystal units, it becomes Im¬ 

portant to frequancy adjust tiesa units at room 

temperature to a specific frequency In or de" to 

position the portion ol the frequency temperature 

curve to the most advantageous point. This 
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necessitates the Investigation of heat 

dissipated from the crystal, mlnlalilng the 

effect of boat from the filament and the 

development of a good sfcutte" system to 

precisely cut off the deposition of evaporated 

film at a specific tlme> 

Phase III. EPEOUENCÏ SHIFT IM ÜAflMlflû 
- AML SSALING OPEnAÎIQJE. 

In order to retain the accuracy employed 

in selecting a blank having a specific angle of 

cut, and to utilize the precise frequency 

adjustmónt made at room temperature. It Is 

important that an unpredictable shift does not 

occur In the canning and sealing operations.. In 

order to prevent this, It becomes necessary 

to establish techniques for these operations 

so as to eliminate accompanying frequency shift, 

or If a frequency shift does occur to he able to 

predict the amount and direction in which It 

occursc This will necessitate a thorough 

investigation of canning and sealing operations, 

preparatli. of holder parts, cleanliness of 

finished crystal units and stability and durability 

of the plating films. 

After completion of these phases along with 

1 completion of preproduction samples and pilot runs. 



. :i'ciunalat«d y it It factors will la<ll:at*> 

the feasibility of aanufacturlng tighter 

tolerance crystal units. 

i. NAFRA!IV E ANb LAlAt 

Extensive work has been done on the 

three phases of work as outlined above Beginning 

with sawing wafers, multiple cutting was tried 

in order to increase accuracy In cutting, since 

It has been firmly established that a high 

degree of accuracy Is attainable la multiple 

cutting, using the P..R. Hoffman saw, It was felt 

successful results could be ob alned by 

modifying a Felker Saw for use In multiple cutting. 

In addition, Hr. E. Schldlen, of Scientific 

Hadlo Products reported eetisfectory results 

from the us-j of the Felker Saws for the purpose 

of performing multiple cute. 

Following Mr. Schldlen s suggestions, 

five eight-inch saws were mounted on a Felker 

Model-80 Saw, Initial results were encouraging, 

The oledes were capable of cutting blanks within a 

5' spread. This, however, only represent« the 

cutting spread of each particular cut. Tha total 
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spread of fifteen wafers ithree panser) 

"tv er aged a total deviation of 10’ This 

excessive total apread was partially caused 

by the shifting of the quartz block on the 

laat pass. In order to minimize the shifting 

of the block» a larger amount of adhesive was 

applied in mounting the X section in order 

to build up a vail on the outer edges of the 

block. This reduced the total angular spread 

of the cut wafers to within ó'L The cutting 

time for one pass (plunge cut' on a .600" thick 

X section averaged 1*20". Many difficulties 

were encountered in trying to increase the 

cutting speed. In order to plunge cut in 

30" it was necessary to reduce the weight of the 

counter-balance on the s .¥• This created 

problems whereby the wafers developed fractures 

as a result of excessive heating of the blades 

and quartz. These are only some of the 

problems encountered. Since this method of 

cutting was not selected in the final analysis» 

for this study» It is not gerasne to mention 

the associated problems In detail. It might be 

added» hcvover» that the major problem encountered 

which prompted the discontinuance of multiple 

« 
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cuttiiigj was tnat It bacauie rtoctssary 

to cla^. t. t ui« cut, ^iiice yxini^e cutting 

with tn ?" ’..2uJa ditl not saw the bottom oi' 

the cut at the Inner and outer edges of the 

X »action. 

Moving the table in a forward and 

backward motion a "step" developed in the 

wafers. This "step", which imaged the peri¬ 

pheral pattern of the saw blades, was caused 

by blade "wander" when cut In a transverse 

direction and inaccuracy on improper design 

of the saw wsys. 

Considering that the prime purpose of 

*ais contract is not to develop multiple cutting 

it was felt that to continue to pursue the 

problem inherent In multiple cutting could 

not be justified on this project. Efforts were 

then directed toward refining single blade cutting 

using the Pelker Saw. Initial tests were made to 

determine the cutting accuracies of Felker Saws , 

*n order to accumulate stronger supporting data, 

six baws were used throughout this phase of the 

investigation. X-aectiona, approximately 0,600" 

thick, were mounted on lA" thick plywood, 

using Olas-glu 4 ,slve. The 3*x4" plywood 

blocks were held in a modified machinist type 

1 
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vias which vm firmly anchored to the saw 

taola. The machinists visa is modified having 

a rigid metal plate that supports the plywood 

mounting block keeping the X*-sectlon parallel 

with the sav-table as the vise Is being 

tightened. Saw blades used were Ö" Felker blades 

.045" thick. Type coolant used Is rolling 

mill oil. Approximately one dosen X-sectlons 

were vnfered on each saw. The sections were marked, 

and the wafers from each block were numbered 

as they were cut. After X-raylng each wafer, 

the tabulated results Indicated that the 

first four wafers of each block cut had an 

angular spread of 2', but with each succeeding 

cut the sproad Increased. This pattern of 

angle spread was evident from the data taken 

on each of the six saws. Analysis of the data 

and a study of the techniques, material, and 

fixtures used in the experiment Indlcatec 

that the plywood block, on which the X-sectlon 

was mounted, was shifting with each successive 

cut - al ter the first few cuts. It Vas Uten 

he plywc . .at Ui 

becoming usturatec with oil. Since the ac- 
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wumul«tloa oi oil iiici'easea with each 

succ^vdlng cut so did the softness of the 

block, consequently causing shifting of the 

block which resulted in increased angular 

spread. 

In view of the ahove, it was then 

decided to mount the X~sections on plate glass. 

Initially, problems developed whereby the 

adhesive would not fora a satisfactory bona 

between the cl*«* plate and the X-sectlon. 

It was felt that the smoothness of the glass 

surface prevented a firm adhesion of the glue. 

Satisfactory results were attained by etching 

the glass and also by sand-blasting one surface 

of the glass plate on which the block was 

mounted. Although the results were satisfactory, 

an »ddltional operation was involved In roughening 

the glass surface. Through these experiments, 

it was then learned that the glue vaa not 

adhering to the glass because of s thin oil 

filmoon the glass and not becauss the surface 

was too smooth. Inis oil film became deposited 

while the glase pistes wars exposed to the oil 

vapor emanating from the quarts cutting saws. 

I 
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Performing the mounting operation In a 

room free of oil vapor eliminated this problem. 

Once the problem of getting the 

mounted X-sectlons to adhere tc ¿lass plates 

vas solved, tost cuts were made and the 

results indicated the change was effective. 

The angular spread showed some improvement 

and did not increase with each successive cut. 

In order to try to further reduce this spread, 

it was decided to try thicker saw blades, 

in Informal test performed, using thicker asw 

blades, showed improved results in relation 

to angular spread. 

Controlled tests were then made to 

compare the difference botweon thin and thick 

saw blades and the difference between mounting 

sections on wood and on glass plates. Six 

saws were used for this evaluationi 

Hie results are as follows 

l 
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It 1« «vidant fron the data above, 

that the use of glaas mounting block« and 

thicker sav blades Increased accuracy in cutting. 

It was Interesting to note the accuracy attainable 

through the use of the Felker Sav. Data, such as 

Illustrated above, was accumulated bl-veekly from 

production work, for a period of eight veeks. 

During this period, minor variations In smthods 

of maintaining the save were employed and data 

accumulated bi-veekly Indicated that the Felker 

Save were capable of cutting blanke to vlthln 4', 

Distribution curves shoving the «guiar 

spread of diced blanks cut In production, however, 

shoved a total spread of 30'. Since these diced 

blanks were measured for angle after the first 

rough lapping stage. It vas suspected that 

the change vas due to the angle shifting In 

lapping. Studies In the past Indicated a neg¬ 

ligible change In angle due to lapping. It vas 

decided to make additional teste using approx¬ 

imately 2,000 diced blanks. The blanks selected 

vere .045" thick, free of burrs, parallel, and 

registered the same anr.le of cut on each side. 

Test »•«■Milts verified that ,010* removal of 

stock due to lapping did not cause any serious 

I 
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shift in anglef Lnpplng an additional .010" 

off this saaa group of blanks gave similar 

results. 

Work vas than directed toward 

establishing a system used In making trial cuts 

and authorising corrections in swing wafers. 

The normal practice was to makt a trial cut, 

measure the error on a Phillips X-ray, make the 

correction by adjusting the saw table, make 

successive trial cuts until the wafer reads to 

within 2' of the required angle. Once the 

•check" piece was within tolerance, the operator 

continued to cut the reualnder of the block 

without any further checks. In trying to minimise 

the total angle spread of wafers cut from X 

sections it was decided to che^k the center 

wafer cut from each section, and make necessary 

corrections before continuing to cut the 

remainder of the block, lolng this only slowed 

up the production rate and did not reduce the 

total angle spread of the dally production of 

diced blanks. After additional tests were made 

It was determined that the extensive spread 

In cutting was caused by the Inaccuracy of measure¬ 

ment In checking the trial cuts. It was found that ( 



taie oacklau!: 1*. «iij lâetû of the ue^haulcal 

portion oí the goniometer am on the Phillips X-r«y 

machine accounted for a possible error of 4'. In 

addition, it was found that the broadness of the 

intensity curves as read on the X-ray intensity 

meter could contribute an additional error of 

4’. Considering that the saw is responsible 

for a 4' spread and a possible 8' error due to 

X-raying (backlash ano broadness of intensity 

reading) the trial cut, if these errors vers 

applied in one directlmtha total error could 

be as high as 12*. Apply an additional error 

of a few minutes dus to tha human error of the 

operator in making correctiva adjustments of 

the sav tabla, the reasons for a total production 

angular spread of 20' becomes evident. 

In order to try to retain tha cutting 

accuracy of the Felker Sav, certain corrective 

measures were taken. After installing nev 

gtars and engaging teeth on the goniometer ara 

portirn of tha Phillip's X-ray, and installing 

a double crystal diffraction system, which vas 

procured from Scientific Radio Producta Co. It 

vas possible to maintain a total average angular 

spread of approximately 6'. 



Etftn though it is known that tighUr 

to lor an c« crystal units will require the use 

of crystal blanks having less spread than 6', 

it is felt that If a 6' to b' sprea-i in dally 

production could be aaintained in cutting it 

would be satisfactory. It is felt that greater 

accuracy in cutting productively is inpractical 

osing the type of saws existing in the crystal 

industry. Unless» however, the industry were 

equipped with the P.R. Hoffnan Quarts Cutting 

Saw*. If it is determined that tighter tolerance 

crystal units are going to require ¿1" or 2' 

blanks, then these blanks will have to be obtained 

by selection. Selecting 2' blanks from 6’ blanks 

rather than selecting from 20J blanks is much 

more practical and should not prove to be serious 

in production. 

Determination of the proper angle and 

angular tolerance for tighter tolerance crystal 

unite, and the method of cutting blanks to 

meet these requirements, represents only a portion 

of the problem. Unless the angle of these blanks 

can be measured accurately arid rapidly, the 

production of tigliter tolerance crysta* units hill 

lemaxn a nighly specialised type oi unit wnlch 

could not be mass produce«: without severe losses 
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and production licitations. Mr. JoLi K. Millar, 

long associated with The Keystone Electronics 

Company, developed a ortbod of X-ray measuring 

crystal blanks that makes It possible to perform 

measurements accurately and rapidly. This 

system eliminates human error normally assoclatad 

vlth manual operation and interpretation of X-ray 

reading# by the operator. 

Mr. Millar davlsed a method to have the 

goniometer arm produce a b, C. voltage whose 

amplitude is directly proportional to the position 

of the arm. This voltage Is applied to the 

horizontal deflection of a 7" long persistence 

deflection cathode ray tube. The face of the tube 

Is calibrated In minutes to represent minutes 

of arc of movement of the gon'oneter am. The 

arm Is mechanically swept through an arc of £15' 

of any selected nom nal angle. The output from 

the Qelger-Mualler circuit .1« fed to the vertical 

deflection platea-. With a crystal blank positioned 

in the apparatus for measurement, the mechanical 

sweeping of the goniometer era through the range of 

of a desired angle, will displace the cathode 

r«y vertically as the crystal under test passes 

through its angle of diffraction* This displacement, 

I 
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ln tu« lora o£ « "plp“, will r«gl«t«r on tu« 

lau« of the scope clearly indicating 

the exact angle of the cut of the blank being 

meaoured. Tht* accuracy and repeatability of 

measurenwrt i« within 30 seconds of arc. This 

system was built into a Phillips X-ray to which 

was added a double crystal accessory to 

increase sensitivity of readings. 

X-ray standards are used to set end points 

of scope calibration. This range between the 

end points can be set to any desired spread. 

The time tallen for a 30" sweep is three seconds. 

This system eliminates the necessity 

of the operator tuning for and determining the 

point of maximum deflection of the meter which is 

difficult to identify because of fluctuation of 

line voltage( amplified tube noise» etc* Using 

this method the miplltude of the "pip" becomes 

irrevelant to the position of the "pip". The 

development of this apparatus nn*.j6 it possible 

to road blanks rapidly and accurately, blanks to 

within 1’ of a desired nominal angle can be read 

and selected five times faster than blanks processed 

through the standard measuring systems that are 

used throughout the crystal induatry. In addition. 
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the greater accuracy attained by thl* system 

surpasses otlier systems on a yield brsls. 

The ppeed and accuracy la acconqpllahed by an 

operator with little, or no aspe. Muoe. It Is 

only necessary for the operator to position the 

blank in the machine and after reading a number 

where the measured blank registers a "pip" 

on the large scope face, file the blank in a corre¬ 

sponding catetory illustrated on the blank filing 

rack. 

To be able to read blanks with this 

speed and accuracy through the use of this system, 

eliminates any undue hardships In tightanlng 

tolerances on crystal blanks selected from cutting 

for use In producing .0025JI crystal units. Thu 

efficiency of this system makes it possible to 

establish a greater safety factor in selecting 

1' blanks from cutting thereby Increasing the 

yield of finished crystal unite from temperature 

test, which In turn makes it possible to relax 

tolerances, or use normal techniques. In the final 

plating and soldering and sealing operations. 

In order to establish optimum angles 

of cut, control groups of crystal units wart fabricated 

having specific orientations of angles. The 

orientation of these groups was spaced 2' apurt. 

I 
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Difficulties were encountered In the 

analysis of the frequency-teaperature character¬ 

istics of the control groups» These difficulties 

were ’argely due to temperature correlation of the 

"slugs" used In heating the crystal units. Mls- 

correlation vas traced back to the mismatch of 

thermistors used In the heating "slugs". 

Once the optimum angle of cut Is 

established for the purpose of minimizing freq- 

quency shift over the temperature range It becomes 

Important to have the center portion of the "S" 

shaped curve positioned at a specific point 

so that the extremes of the frequency-tempe rature 

curve fall equally on both the positive and negative 

sides of nominal frequency. Because the control 

of the centering of this curve Is governed by 

adjusting the crystal ’init at room temperature 

to a specific frequency continued experiments 

were carrier on to make this adjustment more re¬ 

fined and repeatable* 

A shuttir system was employed within our 

evaporatlon-to-!'requency adjusting system, for 

the purpose of preventing ti* thermal Inertia 

f the plat!.* filament .H .. . 

of plating onto the crystal - which causes tue 

frequency to go beyond the specified point - 
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•fter the operator releases the switch which 

controls the heat of the filament. 

After trying the shutter system 

and getting unsatisfactory results because 

of mechanical problems whereby the shutter 

became bound within the solenoid housing, 

it was decided to refine the scale on the 

deviation meter which Indicates the frequency 

of the crystal unit as It Is being adjusted. 

Since one division (1/16" wide) of the 

deviation meter represents 20 cycles, meter 

fluctuation, human error of the operator and 

thermal inertia of the plating filmnant soma- 

timas caused a cmulstlve error whereby the 

crystal unit after frequency adjustment would 

be as far aa 3 to 4 divisions (60 to 80 cyclas) 

away from the chosen point of adjustment. 

Reducing the range of the scale 

on the frequency deviation meter, whereby one 

division of the scale represented 4 cycljs 

Inateac. oi 20 cycles, beneficial results 

were derived. Results of continued use of this 

system for frequency adjustment showed a 50* 

incmase la plating accuracy. 

I 
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Additional work vas performed 

and Sealltg Operations. 

Methods of soldering evaluated 

were the hot plate type. Induction heat, and 

solder track. As stated in the last report, 

the best results based upon frequency shift 

due to soldering, were attained from the use 

of a slotted aluminum panel positioned over 

r, hot plate. The amount of frequency shift, 

though slightly more than the amount attained 

by Induction heat, was uniformly consistent. 

Since the frequency change vas uniform. It 

vas felt that the amount of change could be 

predicted and compensated for in the previous 

operation of frequency plating. 

Continued use of the hot plate 

system shoved variations from results 

attained Initially. Theaa variations occurred 

where en attempt vas made to Increase the 

production of this system by increasing the 

loading atagaa (slots on the periphery of 

aluminum plate) from twelve to thirty-six 

positions. It vas then found that It >ss 

Impractical, even for the moat experienced 

I 
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... ».o v-ic.aaa 

unloailng so that «ach crystal unit would 

I« subjected to a uniform amount of heat and 

a ulmJlar "heat-up'* and "cool-off" cycle. 

This non-uniformity in temperature cycling 

resulted in variation of frequency change 

in crystal units that were soldered and 

thorefore the amount of frequency shift could 

not be compensated for in the previous 

operation of frequency plating. 

As a result of the above, it 

was derided to re-evaluate soldering experiments 

previously performed using the soldering 

track and the induction heater. Re-evaluation 

showed that the results of the use of the 

soldering track were similarly unsatisfactory 

and for the same reasons as the thirty-six 

position hot-plate. 

This problem was overcoats by 

controlling the heat cycle of the induction 

heater, In the initial evaluation the amount 

of heater current was fixed) however, the 

time cycle was not. Siace during this 

operation the operator sometimes applied flux 

I 
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and varying amounts of soldar, the length 

of time of the heat cycle vas left to the 

discretion of the operator« Although this 

approach yielded satisfactory seals, it vas 

learned that the variation in heating cycle 

gave variations in frequency change due to 

soldering. In order tc verify these findings, 

control groups of crystals vere soldered 

whereby the heating time vas fixed and the 

holder parts vere more heavily pre-tinned 

in order to elimL«ate the appH.c*U°n of 

additional solder during the hent cycle« 

Posults vere satisfactory and the amount of 

frequency shift vas more uniform. 

I 
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4. CQMCmsiOMS 

Experimente perfomed 

on a ingle oieds cutting operation prompted 

certain Improvements In techniques and equip¬ 

ment design. These Improvements, which refined 

the operation, make single blade cutting 

using the Folker Saw suitable for the 

production of tighter tolerance crystal units. 

After attaining diced blanl's 

having loss angular spread, a compatible system 

for measuring these blanks accurately and 

rapidly was required. The development of this 

system is described above. 

Based upon the work perfomed thus 

far, it is believed that blanks for application 

to tighter tolerance crystal units can be 

cut abundantly at specific tolerances and 

X-ray measured with extreme accuracy with 

little or no difficulty. 

Optimum angles with a tolerance 

of ¿ 1 have bean established for each frequency 

specified in the contract. 

A shutter system in conjunction 

with a selective frequency amplifier will 

eliminate the two remaining problem areas in 
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precise frequency adjustment of the crystal 

unit. 

Evaluation of soldering 

techniques Indicate that Induction heat in 

the most efficient method of soldering together 

beider parts. 

5. PROGRAM FOR fflgl PERIOD 

At the present time pre- 

production samples are being fabricated. 
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