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Basics van frequentiemeting

e Resolutie

— denk aan aantal cijfers 10 000 000.000 (000)

* Nauwkeurigheid of accuratesse of juistheid

— denk aan benadering van de werkelijke waarde
10 000 001.000

e Stabiliteit, Presiecie of reproduceerbaarheid
— denk aan procentuele afwijking per tijd, verloop



Stabiliteitsgrafiek




Frequentie meten

* Frequentieteller

— Vergelijke van twee bronnen
* Referentiefrequentie
 DUT frequentie



Plaatje frequentiemeter

* Nauwkeurige en stabile referentiebron



Fasemeting

* Fasemeting
— Fase vergelijking van DUT t.o.v, referentiesignaal
— Hoe groter het faseverschil per tijd, hoe groter de

frequentieafwijking ey —ww  —sen ]
.« Aw =Ad /At
* w=2nf u;//!o 40 60 80 100 20143:%3:8 220240260280300320340360
* ¢ inradialen
 t inseconden
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Fase verschill

10MHz
° 1 10 100 1000  Sec.
2.78E-10  2.78E-11  2.78E-12  2.78E-13
2 556E-10 5.56E-11 5.56E-12  5.56E-13 Sin 0° Sin+20°
3.6 1.00E-09 1.00E-10 1.00E-11  1.00E-12
5  1.39E-09 1.39E-10 1.39E-11  1.39E-12
6 1.67E-09 167E-10 1.67E-11  1.67E-12
7  1.94E-09 194E-10 1.94E-11  1.94E-12
8  2.22E-09 2.22E-10 2.22E-11  2.22E-12
10 2.78E-09  2.78E-10  2.78E-11  2.78E-12 _ Graden | S
20 5.56E-09 5.56E-10 5.56E-11  5.56E-12 90 120 150 18Q A10 240 270 300 330

36 1.00E-08 1.00E-09  1.00E-10 1.00E-11
60 1.67E-08 1.67E-09 1.67E-10 1.67E-11
120 3.33E-08 3.33E-09  3.33E-10 3.33E-11
180 5.00E-08  5.00E-09  5.00E-10 5.00E-11

1360 |'100E%07| 1.00E-08 1.00E-09  1.00E-10

720 2.00E-07 2.00E-08  2.00E-09 2.00E-10
1080 3.00E-07  3.00E-08  3.00E-09 3.00E-10
1440 4.00E-07 4.00E-08  4.00E-09 4.00E-10

15 December 2012 PE1FOD 7



Tijdintervalmeting

* Meten van tijdverschil

* Met HP5370B, Racal 1992, Fluke 6680....
— Tijdverschil tussen

* Referentiesignaal

 En DUT signaal
— Meet tijd(fase, op de nuldoorgang)
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Fasemeter Timo Lampe (PE1FOD)
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Fase meting SMLO3 <> Rb-FOD
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g0

test-2

Remark

: Faze - 45 degreesidiv

Saved: 09-11-2012 21:20:353

File; FM2-3336+SMLS-opwarmen plt
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Fase meting SMLO3 <> Rb-FOD

Fasemeter Timo Lampe (PE1FOD)
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2x Rb Kort na warmup

Fasemeter Timo Lampe (PE1FOD)
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File: 2xEh net na warmup Lock plit
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2X Rb na 20 min.

Fasemeter Timo Lampe (PE1FOD)
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: 2¢Eb na 20min aanstaan
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Remark

Saved: 12-11-2012 2000236

File: 2xEh na 20min aanstaan ot
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2x Rb na 2 uur + correctie bij 360°

Fasemeter Timo Lampe (PE1FOD)
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. Fase - 45 degreeszidiv

Remark

Saved: 12-11-2012 21:58:30

File: 2xFh ma 2uur sanstaan+afregelen pi
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Rb-FOD <> Rb PAOJPE en PA2DW

Datalogger
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1080

GRS PADJPEPAZDW
: Faze - 45 degreesidiv

Remark

Saved: 3-11-20M12 140737

File: GPS PADJPE-P&ATDW ol
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Rb FOD <> Jupiter GPS Lock 10MHz, PA3ESH

1440 1800 szec

1080

: Faze - 45 degreesidiv

Remark  GPS PASEZH

Saved: 3-11-2012 11:25:10

File: GPS PASESH plt



Rb FOD <> Navsync GPS Lock 10MHz, PE1IFOD

360 20 1080 1440 1800 sec

Remark :GPS3PE1IFOD
:Fase - 45 degrees/div

File: GPS PE1FCD.plt Saved: 3-11-2012 10:44:20



Rb-FOD <> HP105B CAMRAS

Fasemeter Timo Lampe (PE1FOD)
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Rb FOD <> HP105B PE1FOD

Fasemeter Timo Lampe (PE1FOD)
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Remark

Saved: 12-11-2012 224955

File: HP1 05-FOD+RBb-FOD pft
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Rb FOD <> Rb PAOJPE

Datalogger

1800 sec

1440

1080

360

: Rubidium PAIJPE
:Fase - 45 degrees/div

Remark

Saved: 3-11-2012 13:06:08

File: Rubidium PADJPE. plt



Rb FOD <> Rb PA2DW

Fasemeter Timo Lampe (PE1FOD)

demmmmmmmm ek e e e e d e —————

F20 1680 1440 1800 sec

360

=

: Rubidium PAZDW
:Fase - 45 degrees/div

Remark

Saved: 3-11-2012 14:39:00

File: Rubidium PA2DW plt
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e Stabiele, nauwkeurige referentiebron
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Crystal Oscillator Categories

Oven Controlled (OCXO)

Af
Voltage /\\T +10 ppm —
‘!une / N\ 250C /
Il -450C N / +100°C
Output / N\ / T
> [ N\ /
__ g (I N\ /
Crystal Oscillator (XO) ——— -10 ppm ~ 7
Af
Compensation T 1 opm
Network or ™ .
Computer -45°C \ P //\\ +100°C
¥ ~—— ~_" \\ T
.................... XO > -1 ppm
Temperature Compensated (TCXO)
- Af
g T +1x108 ———
-45°C +100°C
~——— —_————— T
-1x 108
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Hierarchy of Oscillators

Oscillator Type* Accuracy** Typical Applications
® Crystal oscillator (XO) 10 to 10 Computer timing
® Temperature compensated 10® Frequency control in tactical
crystal oscillator (TCXO) radios
® Microcomputer compensated 108 to 10”7

crystal oscillator (MCXO)

® Oven controlled crystal
oscillator (OCXO)

® Small atomic frequency
standard (Rb, RbXO)

® High performance atomic
standard (Cs)

108 (with 1010
per g option)

10-°

1012 t0 1011

Spread spectrum system clock

Navigation system clock &
frequency standard, MTI radar

C3 satellite terminals, bistatic,
& multistatic radar

Strategic C3, EW

* Sizes range from <1cm3 for clock oscillators to > 30 liters for Cs standards
Costs range from <51 for clock oscillators to > $50,000 for Cs standards.

** Including environmental effects (e.g., -40°C to +75°C) and one year of

aging.

15 December 2012 PE1FOD
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The Units of Stability in Perspective

® \What is one partin 10°? (Asin 1 x 101%/day aging.)
e ~1/2 cm out of the circumference of the earth.

e ~1/4 second per human lifetime (of ~80 years).

® Power received on earth from a GPS satellite, -160 dBW, is as
“bright” as a flashlight in Los Angeles would look in New York

City, ~5000 km away (neglecting earth’s curvature).

® \What is -170 dB? (As in -170 dBc/Hz phase noise.)

e -170 dB =1 part in 107 @ thickness of a sheet
of paper out of the total distance traveled by all
the cars in the world in a day.
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Accuracy, Precision, and Stability

but not stable

Precise but Not accurate and Accurate but Accurate and

not accurate not precise not precise precise
%MI] oA ArAarah A S Ayt

Time Time Time Time

Accurate

Stable but Not stable and Stable and
(on the average)

not accurate not accurate accurate

15 December 2012 PE1FOD
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ldealized Frequency-Time-Influence Behavior

Af

— X 108 Oscillator
t Turn Off 2. I
! Temperature Vibration Shock & T‘g Radiation
ipover
[ Step Turn On P
Off
2 ﬁ
0-,-——"1' -——"
-1
On

-2

Short-Term

Instability
3=

| | | | 1 | |
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Phase Detector

DUT

@ V(t)
7 [
© \

Vg(t)

Reference

=900

LPF

Vo(t) . Vi(t)

* Or phase-locked loop

gy

Quadrature
Monitor*

Low-Noise
Amplifier

Se(f)

=l
S—

Spectrum Analyzer

15 December 2012 PE1FOD
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Phase Noise Measurement

RF Source

V(t) = V. sin[27,t +aft)

Phase Detector
Vg(t) = k& (t)

Vi

v v

(]

Ao > Il
RF I:ID o
—
o O Voltmeter
Oscilloscope l Spectrum Analyzer

t) Flems(t) in BW of meter Sp(f) vs. f
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Precision Frequency Standards

e (Quartz crystal resonator-based (f ~ 5 MHz, Q ~ 10°)

e Atomic resonator-based
Rubidium cell (f, = 6.8 GHz, Q ~ 107)
Cesium beam (f,=9.2 GHz, Q ~ 10%)
Hydrogen maser (f, = 1.4 GHz, Q ~ 10°)
Trapped ions (f, > 10 GHz, Q > 101%)
Cesium fountain (f, = 9.2 GHz, Q ~ 5 x 10%!)
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Oscillator Comparison

Quartz Oscillators

Atomic Oscillators

TCXO MCXO OCXO Rubidium RbXO Cesium
Accuracy * 2x10% 5x 108 1x108 5x 1010 7 x 1010 2x 101
(per year)
Aging/Year 5x 107 2x10% 5x10° 2 x 10710 2x 1010 0
Temp. Stab. 5x 107 3x108 1x10° 3 x 10710 5x 1010 2x 1011
(range, 9C) (-55 to +85) (-55 to +85) (-55 to +85) (-55 to +68) (-55 to +85) (-28 to +65)
Stability, (1) 1x 10° 3x 1010 1 x 1012 3 x 1012 5x 1012 5x 10
(r=1s)
Size 10 30 20-200 200-800 1,000 6,000
(cm?®)
Warmup Time 0.03 0.03 4 3 3 20
(min) (to 1 x 10%) (to 2x 10%) (to 1 x 10%) (to 5 x 10-19) (to 5 x 10-19) (to 2 x 10-1)
Power (W) 0.04 0.04 0.6 20 0.65 30
(at lowesttemp.)
Price (~$) 10 -100 <1,000 200-2,000 2,000-8,000 <10,000 50,000

* Including environmental effects (note that the temperature ranges for Rb
and Cs are narrower than for quartz).
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