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PURPOSE

DeveLoP AND PRODUCE H00 uMITS ON FREQUENCIES
150 mc, 162 mc, 174 uc 188 mc ano 200 mc usine
BOTH NATURAL AMD CULTURED QUARTZ IN ACCORDANGCE
wiTH Si1eNaL Corrs TecHNicAL Requiremeny SCS-T5

oaTep 28 Decemser 1959.
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NINETY PERCENT OF THE UNITS SHOWED RESISTANCE PEAKS DUR~-

ING TEMPERATURE TESTING. THIS WAS TRUE OF ALL oq.ﬁutl91u
OVERTONE CRYSTALS AT ALL THE FREQUENGIES 150 7o 260 MO,
INVESTIGATION OF THESE RESISTANCE PEAKS INDICATED THAT
véav LOW DRIVE LEVELS WOULD ELIMINATE THEM, AND OPERATING
ORYSTALS ON THE TTH MODE REDUCED THE NUMBER OF REJECTS FOR
RESISTANCE PEAKS TO 20% on LeEss. OTHER PLATING METALS WERE
TRIED, SOME OF WHICH SHOW FAVORABLE RESULTS FOR RES ISTANCE
PEAKS DURING TEMPERATURE TEST. THESE METALS HWAD OTHER
UNMFAVORABLE PROPERTIES FOR g@d’paessnr TECHN IQUES AND
EQUIPMENT, THEY ALSG GAVE VERY POOR AQGING PROPERTIES qWh-ron
it A REeuESY—TOCWANGE TRE URTVE™
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NARRATIVE

AT THE END OF OUR LAST REPORT %E WERE EXPERIENCING RE-
s}srancs PEAKS THROUGH THE TEMPERATURE RANGE oM THE 9TH
OVERTONE CRYSTALS., THE RESISTANCE PEAKS WERE REDUCED OR
ELIMINATED ENTIRELY BY REDUCING THE DRIVE, THE SPECIFI-
CATION CALLS FOR A 2 HMILLIWATT ORIVE LEVEL WHICH FOR MOSTY
PRACTICAL PURPOSES DOEZS NOT SEEM TO BE EXCESSIVE. HOWEVER,
THE RESISTANCE PEAKS WHICH OCCURRED BURING TESTS ARE BE-
vyono THE E0 oMt WAXitiUM., WE TRIED SEVERAL WAYS OF FINISH-
INE THE CHYSTALS IN ORDER TO CLILIMATE THE RESISTANCE
PEAKS, MOME GF WHIGH SOLVED THE PROBLEM. On rPAGES

HE HMAVE TEST CHARTS TO SHON THESZ RISISTAMNCE PEAKS UNDER
YARY IMG CONCITIONS. ALUNMINUG PLATING GAVE GOOD RESULTS
GHERE RESISTANCE PEANS WERE CONCIRNED BUT MANY OTHER PROS-
LEMS CAME TO THE FOREFROMT WITH ALUM{INUM PLATING. THE

GRE ATEST PROBLE! BAS tN FINISHIME TC FREQUENCY WITH ALURI-
NUM, WI WERE MOT TOCLED UP TOQ VAPGR FINISH SO OTHER METHODS
OF FINISHING WERE TRIED. LTCHING THE ALUNINUM WITH CAUST!C
SOLUTIONS WAS EFFECTIVE, BYT THE RESISTANCE OF THE UNITS
60T MIGHER AMND HIGMER AS WZ EVCHED AWAY THE ALUMINUM SUR-
FACES TO INCREASE THE FREQuENCY., OYERPLATING WAS TRIED,
USING AN ALUMINUM SUBSTRATE %ITH SILVER ON TOP SO THAT WE

COULD ELECTROPLATE TO FREQUENCY,




HERE ASAIN WE RAN INTO HI1QH RESISTANCE AND THE PLATING
SOLUT 1048 WEAKENED THE ADHERENCE OF THE METALS 70 THE
‘QUARTZn OTHER METALS AND COMB!NATIONS OF METALS WERE EX~
PQSRED BUT IN ALL CASES WE STILL HAD RESISTANCE PEAKS OVER
THE TEMPERATURE RANGE. AS A POINT OF INTEREST UNITS PLATED

@ITH COPPER BASEPLATE ELECTROPLATED TO FREQUENCY SMOWED

LESS RESISTANCE PEAKS THAN ALL THE OTHER METALS TRIED WITH

THE EXCEPTIOM OF THE ALUMINUM., PRELIMINARY AGING TESTS ON
THE VARIOUS COMBINATIONS OF KETALS INDICAYED VERY POOR AG~
INEG CHMARACTERISTICS, FAR FROM THE EFREQUIRED STABIL!ITY,

SINCE GDOD RESULTS WERE OBTAINED (N AGING USING THE SILVER

FAL et e mas e oL e

(: BASE PLATE AND NlCKEg ELEZCTROPLATE , AND POOR RESULTS WITH
ANY OTHER HETAL OR COMBINATION OF METALS 1T MIGHT BE WISE
TO COMPROMISE AND REDUGCE THE 2 MILLIWATT DRIVE LEVEL IN
ORDER TO REDUCE THE RESISTANCE PEAK REJECTS. JTEST RUNS WERE

MADE ONM THE 7T AND 9T HMODE CRYSTALS AT 2 MILLIGATTS TO

e o RS 7 R RSS2 T T
]

CHECK THE RESI1STANCE PEAKS OVER THE TEMPER ATURE RANGE TO
COMPARE THE DIFFERENCE iF ANY. A GROUP OF THE CRYSTALS

AT 200 mc 9TH MODE AND 2 MILLIWATT DRIVE WERE TESTED OVER
THE TEMPERATURE RANGE. ALL UNITS HAD RESISTANCE PEAKS OF
OVER 80 oNMS., THE SAME UNITS TESTED AT 155.5 mc on THE TrTH
MODE AT 2 MILLIWATYS PASSED THE TEMPERATURE TEST WiTH 1 RE-

(j} SISTANCE PEAK BUT 1T WAS LESS THAN THE 80 onm MAX LMUM
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On rast 8 18 A CHART COMPARING THE RES¢STANCE OURVES
OF CRYSTALS ON THE TtH & 9T+ MODE OVER THE TEMPERATURE
RANGE. A SECOND grROUP OF 199 m0 9TH OVERTONE CRYSTALS WAS
TESTED OVER THE TEMPERATURE RANGE AT 2 MILLIWATTS AND ALL
HAD RES1STANCE PEAKS OVER THE 80 onm mAximum. THiS SEcCOND
GROUP WAS THEN TESTED AT 120.89 uc omn THE 7TTH moDE AT 2
MILLIMATTS AND ALL PASSED THROUGH THE TEMPERATURE TEST WITH
NO RESISTANCE PEAKS. APPARENTLY THE RESISTANGCE PEAKS ARE
MORE PREDOMINANT WITH THE HIGHER MODES THAN WITH HIGHER FREQ-
UENCY. THE FINDINGS IN THESE TESTS WERE SUBMITTED TO CO6-
N1ZANT PERSONNEL AT FORT MowMouTH NEW JERSEY, AND WE WERE
ADVISED YO MAKE SOME FURTHER MEASUREMENTS ON 9TH OVERTONE

®
CRYSTALS AT VARIOUS DRIVE LEVELS. THE FOLLOWING DATA WAS
COLLECTED TO PRESENT THE PROBLEM T0 THE U,S5. ArRMY ELECTRONICS
MATERI1IEL SuUPPORT AQENCY AND REQUEST TECHNICAL ACTION TO REDUCE

THE DRIVE LEVEL REQUIREMENT.,
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1.

EFFECT OF DRIVE ON 9vn OVERTONE CRYSTALS

THE CONTRACTOR MAS EXPERIENCED DIFFICULTY WITH CRYSTAL
rvre CR-(%M~36)/U IN THE TEMPERATURE RUN. AT THE RATED
ORIVE oF 2uw In 80 onms, 90% OF TME UNITS EXCEED THE
MAXIMUM RES ISTANCE OF BO OHMS, REJECTS DUE TO A SHARP
SPIKE AT ABOUT -30°C,

RES ISTANCE~TEMPERATURE SRAPHS AT 150 mc ano 200 mc were
PRESENTED, THE SAME UNITS BEING RUN AT 2uw, Tuw, 0.5uw
AND 0.25 mw. |7 WAS SHOWNN THAT THE LOWER THE DRIVE THE
CLEANER THE TEMPERATURE RUN, ALL SPIKES HAVENS DISAP-
PEARED AT 0.25uw.

FURTHER INVESTIGATION USING OTHER PLATING MATERIALS, AND
DETERMINED THAT THOU@M THE EFFECT WAS PRESENT TO A LESSER
DEGREE AT 2.0MW, THE D) FFICULTIES OF HANDLING THESE
MATERIALS WERE SUCH THAT ENTIRELY NEW PROCESSES AND
TECHNIQUES WOULD HAVE 7O BE LEARNED AND DEVELOPED TO
UTILIZE THESE OTHER WMATERIALS.

THE CONTRACTOR ANALYZED CRYSTAL UNITS OF THE SAME TYPE
AS REGULARLY MANUFAGTURED AND REPORTED IN PARAGRAPH 2,
ALL AT ROOM TEMPERATURE, AND AT ALL FIVE (5) oF Tue
CONTRACT FREQUENC IES, MEASURING Fnzéuencv IN KILOCYCLES
AND RESISTANCE IN OMMS, AS A FUNCTION OF DRIVE LEVEL.

THESE DATA ARE PRESENTED (N TABLES | THROUGH V.
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5. THERE- 13 NO SI1GMIFICANT BIFfER!NOE IN THE RES iISTANCE OF
THESE UNITS AS A FUNCTION OF DRIVE LEVEL BETWEEN 2MW AND

0.25mw WHEN OSCILLATED IN THE STANDARD Ci Mever TSM-15.
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RESISTANCE CURVE ON
22.2 MC CRYSTAL AT 9rtw
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200 MC 9v# MODE CRYSTAL
‘RESISTANCE GRAPH -
TESTED AT VARI0US DRIVE LEVELS
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200 MC 9v# MODE CRYSTAL
RESISTANCE GRAPH
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XTAL.
NO,

10
12

21

XTAL.
NO.
26
33
37
40
43

XTAL,
NO,

31
52
53
54
55

XTAL.,
NO,

13
22
25
35
36

XTAL,
NO,

17
18
20
22
3

TABLE I 150,000 MC

2.0 nw
PREQ, RBS,

149994,88 42
149999.16 35
150000.39 39
150000.98 49
130000.11 46

1.0 aw.

mQI m‘

149994.83 42
149999,09 35
130000.21 60
150000.91 49
130000.16 46

0.3 ow
FRBQ. RES.

149994,799 42
149999.01 35
150000.17 359
150000.86 49
150000.11 435

TABLB II 162.000 MC

2.0 mw
FREQ. RBS,
162000.56 352
161999.33 40
162000.17 57
162000.29 60
162000.133 33

1.0 mw
PFREQ. RES,
163000.34 31
161999.16 40
162000.07 37
162000.19 61
162000.07 37

0.5 aw
EREQ., RES .,
162000.43~ 52
161999.14 40
161999.92 37
162000.13 61
161999.98 38

TABLE XII 174.000 MC

2.0 vy
PFREQ. RBS,

173998.34 50
173999.,41 60
173999.48 58
173998.21 50
173998.6% 66

1.0 aw
PREQ. RES.
173998.92 51
173999.35 61
173999.29 358
173998.1¢ 50
1739¢3.69 67

0.3 aw
PREQ. RES .
173998.96 31
173999.40 61
173999.,25 38
173998.19 50
173998.61 66

TABLE IV 188.000 MC

2.C ow
PREQ. RBS.

188000.69 46
187998.351 51
187997.35 56
187998.30 60
188000.46 40

1.0 mw
BREQ, RRS,

138000.55 46
187998.26 51
187997.19 57
187998,28 60
188000.41 40

0.5 aw
PREQ. RES .

188060.45 46
187998.21 31
187997.25 57
187998.29 61
188C€00.49 40

TABLE V 200.000 )C

2.0 ow
FREQ. RES.
199908 .85 43
199999.85 50
199999,96 33
199997.95 61
200002.75 46

1.0 ow
FnQo mo

199998,76 44
199999.82 51
199999.88 355
199997.86 461
200002.68 47

w1

0.5 uw
PREQ, RES,
199998.62 44
199999 .68 31
19999¢,75 33
199907,68 61
200002.59 47

0.35.aw
PREQ. RES,

149994,78 42
149998.97 35
150000.15 359
150000.82 49
150000.10 43

0.25 nw
PFREQ. RES.
163000.34 52
161999.11 40
161999.82 57
162000,07 61
161999.96 38

0.25 mw
PREQ. RES,

173998.87 351
173999.21 61
173999.19 38
173998.10 30
173998.55 66

0.25 ow
PREQ.  RSS.

188000.51 46
187998.11 31
187997.19 357
187998,27 60
188000.53 40

0.25 mw
FREQ. RES .

199998.61 43
199999.68 52
199999.68 354
199997.65 60
200003.46 47




CONCLUS | ONS

NINTH OVERYONE CRYSTALS IN THE FREQUENCY
nANGE 150 mc 10 200 uMC ARE VERY SENSITIVE TO TEMPER-
ATURE CHANGES {F OPERATED AT DRIVE LEVELS OF 2 MILLI~-
WATTS. OSHARP RESISTANCE PEAKS OOCCUR AT 2 TO Ll TEMPER-
ATURE POINTS USUALLY IN THE RANGE oF -30°C to 0°C,
OPERATING THE CRYSTALS AT LOW DRIVES ELIMINATES THE
RESISTANCE PEAKS AND DOES NOT INCREASE THEIR NORMAL

RESISTANGCE LEVELS.




PROGRAM FOR NEXT QUARTER

IN ORDER TO PROVE THE PROCEDURE DEVELOPED
DURING THE TIME WE WERE PRODUCING OUR SAMPLES, WE
WiLt AUN A erour OF 100 UNITS ON EACH FREQUENCY.

FINAL DATA Witi BE COMPILED YO 60 WITH THE PRE~
PRODUCT ION SAMPLES FOR APPROVAL IN THE NEXT FEW

OAYS.

PUBLICATIONS AND REPORTS

NO PUBLICATIONS OR REPORTS HAVE BEEN (1SSUED ON
THIS CONTRACT SINCE THE LAST REPORT FOR THE PERIOD

EnNDiINa SepTEmMBER 30, 19562,
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IDENTIFICATION OF PERSONNEL

THE FOLLOW NG PERSONNEL HAVE EXPENDED TIME AS

FOLLOWS ON THIS CONTRACY FOR THIS REPORTING PERIOD,

Person Time-Hours
Deewer Broser 75
DonaLo NEIDi® 15
CAROLYN SPraAGLIN 25
KERMIT LACKEY 2h
MANUFACTUR ING LABOR 700




