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NOTICES

The findings in this report are not to be construed as an
official Department of the Army position, unless so desig-
nated by other authorized documents.

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products or services
referenced herein. '
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Ceramic Flatpack and
Metal-Enclosed Resonators
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OCXO Oven’s Effect on Stability

OVEN CYCLING RANGE

B> 1 TURNOVER
= POINT OVEN SET POINT
@ -
=
g" 4
fot
e
TURNOVER
T _)l Ale— POINT
T OVEN
OFFSET \
F—E ATo —)'

Typical f vs. T characteristic
for AT and SC-cut resonators

. L ) B 'l i -+ ]
L e 1 L) 1

— — —— ——————— — ——— —— ———

L L
LR L 4 L] L)

Temperature

- — . . ———— ——— T A e — . 4SS e U S S — - ———— ———— T —— " S . ———

Oven Parameters vs. Stability for SC-cut Oscillator

Assuming T; - Ty rp = 10°C

T:-T = Oven Cycling Range
| loolé", (mllldogr_oa)
10 1 0.1 0.01

L >

© (4x 10°'214 x 103 |4 x 10°'%|4 x 10°'®
§'§ © |6 x 1034 x 10" |4 x 10°'%|4 x 10°'°
- % ‘
‘;i ~ |2 x 10736 x 10°7® |4 x 107 '%|4 x 10-17
>
O% (g |2x10'2x 10" [6x 10774 x 107'®

o |2% 10 2x10"% [2x 10'7|2 x 10°"?

A comparable table for AT and other non-thermal-transient compen-
sated cuts of oscillators would not be meaningful because the dynamic
f vs. T effects would generally dominate the static f vs. T effects.
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Dictionary Definition of " Time"

(From The Random House Dictionary of the English Language, © 1987)
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Frequency Error vs. Time Error
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f. = reference (i.e., the "correct") frequency
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Accumulated Time Error

Time Error vs. Elapsed Time
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To Estimate the Accumulated Time Error
® Estimate the initial frequency offset plus the average expected
offsets due to temperature and other environmental effects.
@ Find the time error caused by the sum of the offsets.
® Find the time error caused by the oscillator’s specified aging rate.
@ Add the results of @ and @ to estimate the total time error.
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IEEE Frequency Control Symposium®
PROCEEDINGS AVAILABILITY INFORMATION

NO.| YEAR | DOCUMENT NO.| OBTAIN FROM?® | PRICE (in 1992)
MICROVICHE

/ RARDCOPY
10 1936 AD-298322 NTIS $9.00/$59.00
1 1957 AD-298323 NTIS 9,00/ 66.00
12 1958 AD-298324 NTIS 9.00/ 66.00
13 19%9 AD-298325 NTIS 900/ 73.00
14 1960 AD-246500 NTIS 9.00/ 50.00
15 1961 AD-265455 NTIS 9.00/ 43.00
16 1962 AD-285086 NTIS 9.00/ 50.00
17 1963 AD-423381 NTIS 900/ 66.00
18 1964 AD-45034} NTIS 900/ 66.00
19 1965 AD471229 NTIS 9.00/ 66.00
20 1966 AD-800523 NTIS 900/ 66.00
21 1967 AD-659792 NTIS 9.00/ 59.00
2 1968 AD-844911 NTIS 9.00/ 66.00
23 1969 AD-746209 NTIS 9.00/ 43.00
4 1970 AD-746210 NTIS 9.00/ 43.00
28 19M AD-746211 NTIS 9.00/ 43.00
% 19712 AD-771043 NTIS 9.00/ 43.00
271 1913 AD-771042 NTIS 900/ 50.00
2% 1974 AD-AQ11113 NTIS 900/ 50.00
29 1975 AD-AD17466 NTIS 900/ $0.00
0 1976 AD-A046089 NTIS 9.00/ 59.00
31 19m AD-A088221 NTIS 900/ 66.00
2 1978 AD-A955718 NTIS 9.00/ $9.00
3 1979 AD-A213544 NTIS 9.00/ 73.00
34 1980 AD-A213670 NTIS 900/ 59.00
35 1981 AD-A110870 NTIS 19.00/ 73.00
36 1982 AD-A130811 NTIS 9.00/ 59.00
37 1983 AD-A136673 NTIS 9.00/ 59.00
38 1984 AD-A217381 NTIS 12.50/ 43.00
39 1985 AD-A217404 NTIS 19.00/ 59.00
40 1986 86CH2330-9 IEEE 7000/ 70.00
41 1987 AD-A216858 NTIS 1700/ 59.00
2 1988 AD-A217275 NTIS 1700/ 59.00
43 1939 AD-A235629 NTIS 19.00/ 66.00
44 199 90CH2818-3 IEEE 90.00/ 90.00
45 1991 91CH2965-2 IEEE 110.00/110.00
46 199 92CH3083-3 TBD/ TBD
SNTIS - National Technical Information Service ~ *IEEE - Inst. of Electrical & Electronics
5285 Port Royal Road, Sills Building Engineers
Springfield, VA 22161, U. 8. A. 445 Hoes Lane
Tel: 7034874650 Piscataway, NJ 08854, U.S.A.
Tel: 8-4333 or 908-981-0060

* Prior to 1992, the name of the Symposium was the “Annual Symposium on Frequency
Control”.
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Index

Acceleration, 4-4, 4-56 to 4-74, 6-1

Accuracy, 4-2, 8-2

Activity Dips, 3-9, 4-50

Aging, 4-3 to 4-13, 4-51, 4-88, 6-13, 8-1

Allan Variance, 4-18 to 4-23, 4-29 to 4-36, 4-61, 7-12 to 7-15, 8-1, 8-3
Altitude, 4-3, 4-87

Amplitude, 3-7, 4-52 to 4-55

Amplitude Distribution, 3-7

Applications, 1-1 to 1-19, 4-70 to 4-71, 9-15, 9-25, 9-26

ASFC Proceedings, 11-2

AT-Cut, 3-8, 3-14, 3-19, 4-9 10 4-13, 4-40, 4-42, 4-44, 4-45, 4-52, 4-69, 4-78 to 4-82, 4-85,
4-86

Atmospheric Pressure, 4-3, 4-87

Atomic Frequency Standards, 2-8, 6-1, 6-8 to 6-11, 7-1 to 8-5
BCD Time Code, 9-23

Bistatic Radar, 1-18

Bonding Strains, 4-11, 4-13

Calibration, 9-12, 9-13

Ceramic Flatpack, 3-6, 6-1, 6-13

Cesium-Beam Frequency Standard, 2-8, 7-1, 7-7 to 7-9, 7-12, 7-13, 7-17, 7-18, 7-20, 8-1
to 8-5

Clocks, 4-37, 9-4 t0 9-12, 9-19 to 9-22, 9-25, 9-26
Commercial vs. Military Markets, 1-2, 1-3
Conversions, 9-21

Doppler, 1-9, 1-17 to 1-19, 9-21

Doubly Rotated Cuts, 3-14

Drive Level, 4-52 to 4-55, 4-88

Electric Field, 4-87
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Emerging/Improving Technologies, 6-1 to 6-13
Environmental Effects, 4-3, 4-4

Equivalent Circuit, 3-15, 3-16, 3-18

Fabrication Steps, 3-23

Filters, 10-1, 10-2

Force-Frequency Effect, 4-9 to 4-13

Frequency Hopping, 1-12 to 1-14

Frequency Mﬁltiplication, 4-26, 4-33 to 4-36, 4-64, 4-70, 4-71
Frequency vs. Temperature, 3-12 to 3-14, 3-17, 4-37 10 4-49, 4-88, 6-13
g-sensitivity, 4-4, 4-54, 4-56 to 4-74, 4-88, 6-1

Global Positioning System (GPS), 1-4, 9-14 t0 9-17
Harmonics, 3-4, 3-8, 3-9, 4-44

Historical Information, 3-24, 9-6, 9-7

Humidity, 4-3, 4-87

Hysteresis, 4-46, 6-13

Identification Friend or Foe (IFF), 1-11, 1-15, 1-16
Impacts of Technology, 1-11 to 1-18, 4-15, 4-68, 9-17
Influences on Frequency, 4-3, 4-4, 4-88

Infrared Absorption, 5-9 to 5-11

Interactions, 4-88

Inversion, quartz, 5-15, 5-16

Jitter, 4-62, 9-13

Johnson Noise, 4-16, 4-33

Lateral Field Resonator, 6-1, 6-3

Load Capacitance, 3-16, 3-17, 4-39, 4-43, 4-49 to 4-51
Load Impedance, 3-16, 3-17, 4-3, 4-39, 4-43, 4-49 to 4-51
Loran, 9-12, 9-14

Magnetic Field, 4-3, 4-87, 7-9, 7-12, 7-18

Mathematical Description of a Resonator, 3-10 to 3-12
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MCXO, 2-5, 2-8, 6-1, 6-2, 6-4 to 6-8, 6-12, 8-1,9-10
MIFTTI, 9-26

Milestones in Quartz Technology, 3-24
Milestones in Timekeeping, 9-7

Military Requirements, 1-10 to 1-19

Mixer, 4-26, 4-27

Modes of Motion, 3-3, 3-4, 3-8, 3-9

Motional Parameters, 3-15, 3-19

Navigation, 1-4, 9-15 to 9-17

Neutrons, Effects of, 4-82, 4-83, 4-86

Noise, 4-3, 4-5, 4-14 to 4-16, 4-18 to 4-25, 4-28 t0 4-36, 7-12 to 7-19
OCXO, 2-5 to 2-8, 4-42, 4-45, 4-47, 8-1, 8-2,9-10
One Pulse Per Second, 9-13, 9-23

Optically Pumped Cs Standard, 7-20

Oscillation, 2-2 to 2-4

Oscillator Categories, 2-6

Oscillator Circuit Caused Instabilities, 4-51
Oscillator Circuits, 2-9, 2-10

Oscillator Comparison, 8-1 to 8-5

Oscillator Hierarchy, 2-8

Oscillator Outputs, 2-11

Oscillator Selection, 8-6

Oscillator Specification, 8-7

Oscillator Types, 2-5 to 2-8

Oscillators, 2-1 to 2-8, 6-4 to 6-12, 8-1 to 8-5
Oven, 4-42, 4-45

Packaging, 3-5, 3-6

Phase, 2-2, 2-3, 4-14, 4-24, 8-1 to 8-5

Phase Detector, 4-26 to 4-28
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Phase Diagram of Silica, 5-16

Phase Jitter, 4-62

Phase Noise, 1-7, 1-17, 4-14 to 4-36, 4-60 to 4-67, 4-70, 4-71
Piczoelectricity, 3-1 to 3-3, 3-10 to 3-12

Power Requirements, 8-1, 8-2

Power Supply, 2-9, 4-3, 4-87

Precision, 4-2

Proceedings, ASFC, 11-2

Propagation Delay, 9-22

Q, 3-19t0 3-22, 4-16, 4-33, 4-84, 4-85, 5-3, 5-11,7-1,7-6, 7-12, 7-13
Quartz (material), 3-1, 3-13, 5-1 to 5-16

Quartz Cuts, 3-14, 4-40

Quartz Inversion, 5-15, 5-16

Quartz Lattice, 5-3, 5-5, 5-14

Quartz Phases, 5-16

Quartz Twinning, 5-12 to 5-14

Radar, 1-17 to 1-19, 4-15, 4-70, 4-71, 9-22

Radiation Effects, 4-4, 4-76 to 4-86, 4-88, 5-3, 6-13, 8-5
Radio, two-way, 1-5

RbXO, 2-5, 2-8, 6-1, 6-9 to 6-11, 8-1, 8-2

Relativistic Time, 9-19 to 9-21

Resonator Packaging, 3-8, 3-6, 4-87

Resonator Theory, 3-10 to 3-12

Resonators, 3-2 to 3-24

Restart, 4-47

Retrace, 4-46, 4-47

Rubidium Frequency Standard, 2-8, 6-1, 6-9 to 6-11, 7-1, 7-3, 7-5, 7-10, 7-11, 7-13,
7-15, 8-1t08-5

SAW, 4-33 to 4-35, 10-3, 10-4
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SC-Cut, 3-14, 4-12, 4-41 to0 4-43, 4-45, 4-51, 4-52, 4-69, 4-73, 4-80, 4-85, 6-1 to 6-3,
6-4 t0 6-8, 6-13

Sensors, 10-5, 10-6

Shock, 4-3, 4-4, 4-75, 6-13

Short-Term Instability Causes, 4-16, 7-13
Short-Term Stability, 4-3 to 4-5, 4-14 to 4-36, 7-12 to 7-19, 8-1 to 8-4
Short-Term Stability Measures, 4-18 to 4-20, 4-24
Shot Noise, 4-16, 7-13

Signal-to-noise ratio, 4-33, 7-13

Silica, 5-16

Space Exploration, 1-9

Specifications, 8-7

Spectral Densities, 4-24, 4-25, 4-28 to 4-36
Spread Spectrum, 1-11 to 1-16

Stability, 2-3, 2-4, 4-2 to 4-87, 8-3, 8-4

Strains, 4-9 to 4-13

Sweeping, 5-7, 5-8

TCXO, 2-5t0 2-8, 3-16, 3-17, 4-46, 4-48, 4-49, 8-1, 8-2, 9-10
Telecommunication, 1-6

Thermal Expansion of Quartz, 4-8

Thermal Hysteresis, 4-46, 6-13

Thermal Transient Effect, 4-42, 4-45, 4-85, 4-88
Time & Frequency Subsystem, 9-25, 9-26

Time, 9-1 t0 9-28

Time Code, 9-23, 9-24

Time Constant, 3-19 to 3-22

Time Domain - Frequency Domain, 4-17

Time Errors, 9-8 to 9-11

Time Scales, 9-18
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Time Transfer, 9-12 to 9-16, 9-20, 9-21

Timing Signal, 9-23, 9-24

Trim Effect, 4-48, 4-49

Tunability, 2-4, 3-16

Twinning, 5-12 to 5-14

Two-way Radio, 1-5

Universal Time, 9-18

UTC, 9-18

Utility Fault Location, 1-8

VCXO, 2-5, 3-16

Vibration, 4-4, 4-16, 4-58 to 4-74
Vibration-Induced Sidebands, 4-63 to 4-66, 4-74, 4-88
Vibration Compensation, 4-73, 4-74

Vibration Isolation, 4-72

Very Long Baseline Interferometry (VLBI), 1-9
Warmup, 4-45, 8-1

Wearout Mechanisms, 8-5

Wristwatch, 4-37

Zero Temperature Coefficient Cuts, 3-12 to 3-14
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