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rywhere

cillators are everywhere
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yesonator, El
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Energy or Power
source
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xamples

Energy Source

| parent pushing
ther clock
me battery or spring

wind up spring

amplifier with
feedback
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‘tZz as the Resonator?

properties
1l produce electricity - BBQ lighter

g’s when used in typical oscillator
vically 0.2 -5*1010/¢g

o Interesting and useful crystal structure
o Hexagonal crystal habit
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tallography

toms different sizes
st efficient packing

ptimum cutting angles

with unique properties
ize for specific need

= Each cut has specific freq/temp characteristic
n AT, BT, SC, etc.
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A, B, and C are temperature vs. frequency plots of
AT cuts which have been varied by a few seconds
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fstarted with us Hams

were ham radio operators
2dented frequency stability

ore ‘cha h other around the bands’

quency markers

ge industry of hams and friends (optical)
ling quartz crystals developed

@ Learn by doing, secretive, trial and error
s Ad’s in QST
m Production estimated at 100K/ year (1939)
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World Quartz Production

occurring quartz mines
ow in labs until the late 1940’s

7 techniques very wasteful
* This improved over time

= [nexpensive - until the demand skyrocketed
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rt of WWII

emonstrated the advantage of crystal

ial settings)

lives lost due to lack of compatible crystals

‘t dial in a new frequency like a VFO

ely risky ‘high tech” venture at the time

o Could enough be produced?

o Could they solve ‘sudden crystal death” syndrome?
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Big Gamble

ates of projected n
10 thousands

100 thousands
into millions of units

Became a national priority almost on the scale of
the Manhattan Project (Atom Bomb)

= What if it doesn’'t work? - nothing to fall back on
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p Control

to keep any quartz from

y, spies, hija
market - buy direct from miners

intelligence effort

sank U-boat laden with quartz in mid-Atlantic
it British access to quartz
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King 1t work

uction
0 companies

ing processes developed in US, Germany

3 weeks to grow 20 cm crystal bar)

rtz for FDM carrier filters during WW2
ome trade secrets; ogy/process sharing

nd conflict !!!!

e ‘sudden death syndrome’

orgpany had almost no failures, didn’t want to share the
edge

of the surface after grinding removed stress fractures
ml

Eventually portable grinders

= Make custom crystals at the front
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xis Powers

d to develop complex VFO based

presentations by VA7O]
match workmanship

‘and Britain
crystal supply for calibrators, IF filters

ely valuable and in short supply
tals assigned to special units who went from site to

= Japan also had very limited access to quartz

o Japanese crystals even inferior to German parts
= Compare today’s superb Japanese crystals, filters, SAW etc.
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http://www.nsarc.ca/hf/german_radio.pdf

ackaging

5700
CHANNEL

GENTLEMAN. PRODUCTS,

re-work possible

motive valve-grinding paste used in some cases!

rmetically sealed holders
Watch crystals
= Surface mount crystals & crystal filters
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rystal Holders

™ ;5 ™

FREQ.-KC
5700

CHANNEL

SO Frooucrs

HC-18/U*  HC-49/U*
*Current types

HC-6/U interior 100 kHz reference crystal in glass tube
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ejver

acy of frequency-measuring instruments a critical
problem for crystal manufacturers prior to US BC-221, LM

= Coventry bombing raid succeeded due to inaccurate
measurement of German navaids’ tone frequencies by British
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| req M Ete r (US Navy equivalent: LM)

-211) is a heterodyne frequency meter

O with a precision vernier dial, a 1 MHz crystal calibrator, a
nplifier.

omputer-generated calibration book.

v O 1S Ca
. the VFO is tuned for z

vernier dial is then read care and the frequency obtained from the
ration book in the cover of the instrument.

damental freq. ranges: 100 - 250 kHz (LOW), 2 - 4 MHz (HIGH).

accuracy.

. error: 3.4 * 10* (1.355 kHz) at 4 MHz (worst-case: 250 Hz on 80/40m
~achievable.) Stability: + 60 Hz/1 hour. BC-221 usable as TX drive unit.

Arrival of Lend-Lease BC-221’s in UK (1941-42) enabled British
SIGINT to avoid repetition of the Coventry disaster.

ainst a harmonic of the 1 MHz crystal calibrator.
eat with the unknown signal.

@ BC-221 remained in use until 1960’s, when frequency counters
became cost-effective and “semi-portable”.
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.rystal Oscillators

1pensated
O - oven stabilized - 60-85°C

O - good for cleaning up PLL 10 MHz OCXO

= Many manufacturers - variable quality
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http://www.wenzel.com/

I CXO (Temp. Compensated Xtal Oscillator)

Compensation network: R’s, C’s and thermistors
rystal pulling: varactor diode
Network generates curve equal & opposite to crystal freq/temp curve

Compensating Qscillator
voltage : characteristic

\

1)
c
o
S
=3
s
™
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/ ' (Oven Controlled Xtal Oscillator)

Example: HP 5350B OCXO

Thermistor in enclosure senses crystal temperature
Crystal enclosure with heater transistors on front & back
Oscillator/oven controller board below crystal enclosure
3. Connector board.

28 May 2015 NSARC - Quartz Xtals, Osc., Filters
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formance

bient) to 1 * 10 (OCXO)

ator circuits ca immed on freq.

yp. range -40 to +85°C)
= (simple osc.) to 3 * 10-® (top-grade OCXO)

= Crystalline structure changes slowly over time
= Ageing spec: typ. <3 * 10 after 10 years

o Mfr. pre-ages crystals for = 10 days prior to shipping
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rystal Oscillators

ock synthesizer from crystal master osc.
annel” obsolete since 1970’s

= Mostly superseded by low cost GPS disciplined
oscillators

s Synchronize all equipment to one oscillator
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eyond Quartz Oscillators

d Oscillators (GPSDO)

ed quartz oscillator to the atomic clocks on

1itly on eBay $50
accuracy - poor phase noise

= Areyoua ‘time nut’ ?

= Future presentation: Precision Frequency Sources
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http://leapsecond.com/time-nuts.htm

ipical precision sources

Rubidium Oscillator
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Crystal Filters

Actual Crystal

Metallised
Electrodes
s

o

Qluartz o
ly

|

Represents Parallel
Capacitance of Plates

Represents Inertia,
Friction and Stiffness
of Crystal

NSARC - Quartz Xtals, Osc., Filters

exhibits series & parallel resonances
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"‘-_

d. response of crystal

can be a bandstop or bandpass filter
= fp: bandpass.

Capactwve Inductve  Capacitive
— —_—

f =
-I r

Jutput
Impedance 5

Sernes Farallel
Resonance ™, Resonance
Crystal
Frequency
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“Llamb” Crystal Filter

r was patented by J.J. Lamb in 1939 and fitted to many early HF
ivers (e.g. National HRO series). Its bandwidth is 100 Hz or less.

Cn is the front-panel “crystal phasing” control, which shifts f, to place the signal at
the peak of the crystal’s passband.
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oole Crystal Filters

are definitely better than one!

crystal parameters are calculated via a software program
t to these parameters.

natively, the home constructor can purchase a large
ity of inexpensive “generic” crystals and hand-select

them for his filters using a VNA.

= Multi-pole crystal filters are used in radio receivers and

transmitters, test equipment and telecom transmission systems.

28 May 2015 NSARC - Quartz Xtals, Osc., Filters
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‘Half-Lattice Filter

¢ of Y2. Sections can be cascaded for better selectivity.
= Passband has some ripple (variation between centre & edges).

One section (2 poles) has = 20 dB rejection (stopband attenuation).
4 poles: 50 dB. 6 poles: 70 dB. 8 poles: 90 dB (best for RX IF filter).

Impedance

Freguency
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Ladder Filter

ter is a m-section filter.
All the crystals are cut to the same frequency.
Shunt capacitors provide inter-crystal coupling.

bandpass filter is shown; in a bandstop filter, the series elements
e inductors and the crystals are the shunt elements.

TTT
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Homebrew Ladder Filter

thors needed a bandstop filter for phase noise
measurements. The filter suppresses the close-in phase noise of
the test signal source.

We designed and built our own filter.
=  Our crystals were 9.83MHz.

10 bifllar turns 10 bifllar turns
#28 on FB-43-2401 #28 on FB-43-2401

5 A

L L L

100

Crystals:10 MHz, Lm = 0,02 H, C0 = 3 pF, Q > 150 k,

28 May 2015 NSARC - Quartz Xtals, Osc., Filters
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Crystal Selection

= First, we characterized the individual crystals on a spectrum
analyzer & tracking generator.
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s3oard Assembly

ilter on a W8DIZ board.
oidal transformers match the filter’s Z,,

.......

NSARC - Quartz Xtals, Osc., Filters
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-

1al Assembly

ne completed filter in a Hammond die-cast
MA connectors.

NSARC - Quartz Xtals, Osc., Filters
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lesting our Filter

= This is the frequency response of the completed 9.83 MHz bandstop filter.
B Stopband attenuation 85 dB at 9830.3kHz.
B Passband insertion loss: 0.6 dB.

UG 188
I
ran B2.89,.2883

g
2
w
=
£




How's the match?

B Adequate, but not brilliant. 3 dB pads at input & output will help.
= Here is the return loss curve (filter vs. 50Q test termination).
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