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Performance improvement

= Candidate for steering

Harrison’s H1 582t AsCaésidhd Caesium Fountain

Courtesy of NPL

07/10/2016 ©Chronos Technology: COMPANY PROPRIETARY 2



5071A Basic Performance

07/10/2016

Standard High-performance
Parameter Cesium Beam Tube. Cesium Beam Tube
Values are within: (Option 001).
Accurlcyt +1x10712 +6x 10712
Frequency Change vs Environment +1x107"3 +8x 10714
Warm-up Time:
To normal o_pera_tion statL_ls (typical) 15 minutes 15 minutes
To full specifications (typical)
30 minutes 30 minutes
Reproducibilityt +1.0x107" +1.0x 107"
Long-term Stability
Time domain Stability Averaging Time
5- and 10-MHz outputs 10* seconds <27x1071 <85x107"
10° seconds <85x10°M <27 =107
5 days <5.0x 107" <1.0x10""4
30 days <5.0x 1071 <1.0x%10""4
Flicker Floor Valuet Guaranteed <50x 107 < 1.0 x 10714
Typicalt <1.5x 10~ <50 x 10719
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“Standard” 29 Order PLL
%

Looi Filter
vy = Kq(6; — 6,)

de,
dt Kove Ve
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Classic Active loop filter

Natural frequency  w,= (K‘;—fd)l/z

Damping Factor { = %Z(K‘;_fd)l/z = T2¢n

Where:-t; = R,C and 7, = R,C
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“Standard” 2" Order PLL chesms

Digital
Loop Filter
(Software)

Timer/Counter

1PPS
GNSS
6

Numeric drive

vy = Kq(6; — 6,)

i

do,
dt Kov,

5071A v, Numeric drive (RS232)

Tuned 1 PPS & Frequency out
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Set for 30 days settling times

Caesium gives k, = 1 * 10~15

Natural frequency  w,= (K‘;—fd)l/z

Phase detectorky; =2 * m

. _ 12/KoKg\1/, _ 1own
Damping Factor ¢ = 2(=2-4) /2 = Ta¥n
=  Unrealistic test times
Where:- 7, = R;C and 7, = R,C
Caesium Phase error
R2 C 100E-09
R1 l__ _012]0;;23 ) / 1|0 1I5 2IBAYS 2|5 20 35
_ -200E-09 /
+ -300E-09 /
1 -A00E-09 //
: 500E-09
R1 = 1 Q -600E-09 /
R2 = 5 * 109 Q =5000MQ 700E-09 I
C =16F _800E-09
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Pro’s Cons shesen

= Very good stability (Simulated)

= Caesium flicker noise dominates at output
e <5x107 1

= Unrealistic development/test times
= Very long start-up times
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Faster time constant uhiwnns

Natural frequency Wy = (K‘;—fd)l/z R1=1Q
. 75 (KoK g\1/ Tow R2=5 « IOMCQ
Damping Factor { = 72(7) 2 = 2°n C = 2G&F

Where:- 7, = R1C and 7, = R,C Caesium Phase error

200E-09

0O00E+00 T T T T T T T T T T T 1
l__ /2 4 HOURE 10 12 14 16 18 20 22 24
R1 ~200E-09

-400E-09

-600E-09

-800E-09
= Better test times

= Stick with this?

-1E-06

-1E-06
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GPS Noise

TECHNOLOGY

GPSNoise Caesium Phase Fast Loop Caesium Phase Slow Loop

6.00E-08 60E-09 60E-09

4 .00E-08 40E-09 4+ L | 14 3 I' 40E-09 I ‘D&i‘\‘

2.00E-08 | 20E-09 | I I 20E-09 M\,W

0.00E+00 000E+00 000E+00 T T T T 1
5 10 15 20 25 30

2.00E-08 -20E-09 -~ l" ' -20E-09

-4.00E-08 V -40E-09 ] ' ' -10E-09

6.00E-08 OE-09 -60E-09

30ns P-P Diurnal
20ns P-P Random

Most noise passed
through
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Combined Loop
60E-09

40E-09 DAYS

20E-09

000E+00 -

-20E-09 -

-40E-09

-60E-09
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Good noise
rejection but slow
settling

Optimal — good
noise rejection —

serttling offset
minimised
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“Measuring” Performance chemns

Digital
Loop Filter

v. Numeric drive (RS232)

Timer/Counter

1PPS
GNSS
0.

l

S071A The Caesium has much lower noise than the

source and states stability approaching 1 * 10~ 14

A We can infer phase system performance by
differentiating the tuning commands.
No H@yégrogen Maser required

chnology: COMPANY PROPRIETARY
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1]l
Real system results uhunnns
~ = Qutput from Phase detector

| n. bl il — GPS Noise dominates

“ — Peaks at 94 days are Space
o Weather event 1.5us Offsets

" Estimated output from
Steering

— Noise reduced to 15ns P-P

07/10/2016 ©Chronos Technology: COMPANY PROPRIETARY 12



Real system results (60 days*™)

Microsemi TimeMonitor Analyzer
Phase deviation in units of time; Fs=16.67 mHz: Fo=2.0480000 MHz; 23-Jun-2016 08:4
Multichannel Tester Data: Channel 1. Samples: 116675: Start: 146500 # "Anthorn" "sample rate 60s" "—CH1=GP
300 0 T
nsec

6.00
nsec/div .o

T R
“\W' T “”H [ (I

-36.0
nsec nd}'a];:]g 8.00 days/div gkgﬁ

Microsemi TimeMonitor Analyzer
in units of time: Fs=16.67 mHz: Fo=2.0480000 MHz: 23-Jun-2016 08:4
Tester Data: Channel 3. Samples: 116675: Start: 146500. # "Anthorn" "sample rate 60s" "—CH1=GP

3.00

nsec/div o
-30.0

nsec Qs 8.00 days/div oo

* Last 60 days only to avoid space weather eve
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Microsemi TimeMonitor Analyzer
MTIE: Fo=2.048 MHz: Fs=16.67 mHz: 2016/12/23; 02:53:49
1 (blue): Multichannel Tester Data; Channel 1; Samples: 116675; Start: 146500; # "Anthorn" "sample rate 60s" "—
100 -
d

1
psec 100.0 .000 0.00 00.0 000
sec sec sec sec sec

Microsemi TimeMonitor Analyzer
Root Allan Yariance; Overlapping Samples; Fo=2.048 MHz Fs=16.67 mHz; 2016/12/23; 02:53:49
1 (blue): Mulichannel Tester Data; Channel Start: 146500; # "Anthorn" "sample rate 60s" "—

ADEV  1uen

1.0E-12

-14
ADEV Below 1 * 10

1.0E-16

1000 000 0.00 00.0 o000
f1:1 sec sec sec sec

ntin live data
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Holdover s

= What triggers Holdover
— Source failure

— Unusual source noise excursions

— Space Weather (Predicted and/or Detected)

— Planned maintenance

— Detected Jamming/Spoofing (GNSS)

— Can afford to be paranoid about source health
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Holdover Performance

= Assuming tuned Caesium better than 5 * 10714

— Better than 5ns per day

— Long term as per 5071A datasheet
= Compound of tuning error + Caesium. Better than 10ns per day

= Return from Holdover

— Slow response only —so up to 30 days to leak out
acquired error from holdover period. After 10 days in
holdover — may be worth considering restart if 100ns
is outside of desired specification
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Real system results (160 days™)

Microsemi TimeMonitor Analyzer
Least square fit fractional frequency offset vs. time: N=100; 12-Apr-2016 15:0
Multichannel Tester Data: Channel 3; Samples: 225570; Start: 43200

# "Anthorn" "sample rate 60s" "—CH1=GPS 1PPS" "—CH2=-Anthorn RHS Caesium" "—CH3=Estimated Phase at Caesium out" "-CH4-Caesium 1PPS" "—rate=5" "-a"

8.0E-14

2.0E-14
fdiv

-8.0E-14

MA A

Y

<Z
<
<

20.0 days/div

* Excludes first 30 days loop settling time

07/10/2016

160.0
days
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TECHNOLOGY

Frequency statistics

Mean
Standard Error
Median

Mode

Standard Deviation

Sample Variance

Minimum
Maximum

Confidence Level(95.0%)
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Multiple sources chiewnns

Digital

Timer/Counters .
Loop Filter

Galileo

GPS

Weighting &
selection
algorithm

eLoran
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Lessons

Long time constants = Very long test/development
Many noise sources still to be identified
— The systems are not immune to local conditions

Deployed systems must take account of start-up
times

Calibration difficult without a National Laboratory
comparison

07/10/2016 ©Chronos Technology : COMPANY PROPRIETARY



tchemng

TECHNOLOGY

http://www.chronos.co.uk/

tony.flavin@chronos.co.uk
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