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Performance improvement 

 Candidate for steering 
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Harrison’s H1 Harrison’s H19 Caesium Fountain 
Courtesy of NPL 

5071A Caesium 



5071A Basic Performance 
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“Standard” 2nd Order PLL 
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Classic Active loop filter 
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“Standard” 2nd Order PLL 

GNSS 
1PPS 

𝜃𝑖  
𝐹(𝑆) 

Digital 
Loop Filter 
(Software) 

~ 

𝑣𝑑 = 𝐾𝑑(𝜃𝑖 − 𝜃𝑜) 

𝜃𝑜 𝑑𝜃𝑜
𝑑𝑡

= 𝐾𝑜𝑣𝑐 

𝑣𝑐 Numeric drive (RS232) 5071A 

Timer/Counter 

Numeric drive 

Tuned 1 PPS & Frequency out 



Set for 30 days settling times 
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Where:- 𝜏1 =  𝑅1𝐶  and 𝜏2 = 𝑅2𝐶  

R1 

R2 C 

R1 = 1 Ω 
R2 = 5 ∗  109 Ω = 5000MΩ 
C   = 1.6 F 

 Unrealistic test times 

Caesium gives 𝑘𝑜 = 1 ∗ 10−15 

Phase detector 𝑘𝑑 = 2 ∗  𝜋 

+ 

- 



Pro’s Cons 

 Very good stability (Simulated) 

 Caesium flicker noise dominates at output 

• ≤ 5 ∗ 10−14 

 

 Unrealistic development/test times 

 Very long start-up times 
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Faster time constant 
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Natural frequency         𝜔𝑛= (𝐾𝑜𝐾𝑑
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Where:- 𝜏1 =  𝑅1𝐶  and 𝜏2 = 𝑅2𝐶  

R1 

R2 C 

R1 = 1 Ω 
R2 = 5 ∗  109 Ω 
C   = 1.6 F 

 Better test times 
 Stick with this? 

R1 = 1 Ω 
R2 = 5 ∗  1011 Ω 
C   = 20 𝑢𝐹  

+ 

- 



GPS Noise 
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30ns P-P Diurnal 
20ns P-P Random 

Most noise passed 
through 

Good noise 
rejection but slow 
settling 

Optimal – good 
noise rejection – 
serttling offset 
minimised 
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“Measuring” Performance 

GNSS 
1PPS 

𝜃𝑖  
𝐹(𝑆) 

Digital 
Loop Filter 

~ 
𝜃𝑜 

𝑣𝑐 Numeric drive (RS232) 

5071A 

Timer/Counter 

The Caesium has much lower noise than the 
source and states stability approaching 1 ∗ 10−14 

Δ We can infer phase system  performance by 
differentiating the tuning commands.  
No Hydrogen Maser required 



Real system results 
 Output from Phase detector 

– GPS Noise dominates 

– Peaks at 94 days are Space 
Weather event 1.5us Offsets 

 Estimated output from 
Steering 

– Noise reduced to 15ns P-P 
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Real system results (60 days*) 
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MTIE 

ADEV 

ADEV Below 1 ∗ 10
−14

 

* Last 60 days only to avoid space weather event in live data 



Holdover 

 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 ∗ 10−14 
– 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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Frequency statistics 

Mean 2.3E-15 

Standard Error 2.8E-17 

Median 2.2E-15 

Mode -1E-14 

Standard Deviation 1.3E-14 

Sample Variance 1.7E-28 

Minimum -3E-14 

Maximum 3.7E-14 

Confidence Level(95.0%) 5.4E-17 

Real system results (160 days*) 
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* Excludes first 30 days loop settling time 
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Multiple sources 

Galileo 𝐹(𝑆) 

Digital 
Loop Filter 

~ 5071A 

Timer/Counters 

Weighting & 
selection 
algorithm 

eLoran 

GPS 



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 
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Thankyou 

http://www.chronos.co.uk/ 
tony.flavin@chronos.co.uk 
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