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Frequency range +20 MHz (Doppler from +20m/s)
10-6 cycles//Hz phase noise

Dynamic range of phase 10! @ 1 mHz
- Laser freq noise 10° cycles//Hz @ 1 mHz

- 7 sidebands to be extracted
10 kHz tracking:0-3 cycles/J/Hz
10 Hz science: D¢ cycles//Hz

Operates with fast changes expected from
stabilised laser
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PLL Controller

Feedback to frequency of model only
- No feedback to phase of model
- No feedback to frequency rate

Controller contains proportional, integral, double
integral feedback

Unity gain several kHz
PLL update rate 10 kHz

LISA B.Ware 5



White laser frequency
hoise only (no shot noise)
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White laser frequency

hoise with shot noise
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1/f laser frequency hoise

only (no shot noise)
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1/f laser frequency noise
with shot noise
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Comments

- Multiple bits (8-12)
- Tdentical hardware PMUs for each tone

- Windowing to prevent aliasing of noise and second
harmonic

- Fast (10 kHz) and slow (10 Hz) outputs

- Fast used for laser locking - accuracy not critical
- Slow is science output

LISA | B.ware 10



uency response

Freq

window (time domain)

11

B. Ware

LISA



ormance resu

s

LISA

Amplitude Amplitude

Amplitude

x 10 Window short
3 T T v T T T
21
1k 4
o S—
1 L L i ) L L I
[¢] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
x10 Window long
15 T T T T T T
10} .
5k i
ok - i
5 s I L L .
20 15 10 5 [+] -3 10 15 20
x10* Window long true
18— T Y T T T
10 |
5k 4
ol 4
5 L L : : L :
40 30 20 10 o 10 20 30 40
Time [units of short PLL cycle]
5 FPhasgemeter perfornance (Tast)
197
oise
- flongh |
14 s
197"

Fraguency [Hi}

oy tracking pedormance

a8

U

= Avtual frequ:

0.015 0.02 .0
Tima {5}

3 2.605 .01

35 L4 0.045 405

-6

-

a DH0E €01

D026 a04 G.045

B. Ware

12



|ance resu

Fraguency racking performance Phasemeter patformarce (fasty

150 T 19 T T
+ Actuad fraque inpat phase noi
gaifreguency ! | E e Prass eret {ong)
Y T Priase erser faxi)
W "
100 N
107
56
'E
| gtk
o 8
&
-5 T i o T T ..
10" A
-100 o .
150 - 107" - ,
2 4505 o.01 84015 0.82 0.925 0.3 o4 Q045 D05 19 18 W
Timsa {5} Fraguency {Hz)
x 16"
1.5 — -
Prase eror flongh
Phaze eror fasi}
1 ) :
.5
4

-1t

« . )
) Q005 (23] an1s 8.0z 0025 an3 0.035 804 5045

LISA A B.Ware 13



LISA

Measurement of laser frequency noise
Accurately model phase meter input

- Shot noise

- Photodiode electronic noise

- Real laser frequency noise [hon-gaussian]
Multiple tones (crosstalk)
Incorporate info LISA TDI simulation
Implement in FPGA hardware (in progress)
Detailed design

- Number of bits

- feedback loops

B.Ware 14





