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* NPRO 1.2 W output power, 30 Hz/rtHz, fiber-coupled

pump module
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LISA laser concept today age—

* Master oscillator fiber amplifier

* Developments ongoing at

e Lusospace /LZH
e GSFC

* Hardware with flight heritage
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LTP RLU FM Amplifier for laser com. terminal
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LISA laser concept today age—

* Phase modulator between seed laser and amplifier for
e Clock noise transfer
e Ranging
e Data communication
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USO clock noise transfer

(incoming beam anly)

beam to 2nd beam of 2nd LISA S/C 2

{outgoing beam only) optical bench from LISA S/C 1 on-board laser measurement of path length fluctuations
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LISAS/C1

USO clock noise transfer

{outgoing beam only)

beam to 2nd
optical bench
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local Laser

beam of 2nd

on-board laser

(incoming beam anly)

LISAS/C2

measurement of path length fluctuations
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LISAS/C1

USO clock noise transfer

beam to 2nd
(outgoing beam only) optical bench

Phase read-out:

Ancillary Modulation Error:

LISA frequency band:

LISAS/C2

from LISAS/C1 on-board laser measurement of path length fluctuations
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71 RequirementsEOM freGaency.

= Shot noise limit of both sideband-sideband beats
combined: 93.2 pm/vHz
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= Shot noise limit of both sideband-sideband beats
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| Sources of differential phase nojse-in.amplifiers

- amplifier length changes AL - nonlinear dispersion and

dueto laser frequency changes
« changes in ambient
temperature e
- pump power changes
- seed power changes ~

- combined effect measured Effect measured for passive

« AL<12 pm/\/Hz fiber and found to be
negligible
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* Seeded by LISA-like signal (narrowband carrier + two sidebands with

17% power each)

* No sign of SBS visible in backscattered signal (was monitored live)
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amplifier
seed laser ===
seed laser w/o NE -
shot noisg e
dark noise

—h
OI
93

Y T IHLLI’_IL__"

—
OI
D

—h
oI
~

b
ol
(00]
TTTT

Relative power noise (1/VHz)

4 6 8 10 12
Frequency (MHz)

ke
ol
©
o
N -

* Relative power noise (RIN) was measured at 2.2 W output power
* RIN compatible with LISA requirements



102 1

 Requirement ——
Without ampl. stabilisation - -

With ampl. stabilisation

-/ Phasemeter sensitivity ———

107

* Phase fidelity of waveguide EOM fulfills LISA requirements

1072 0.1 1
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* Space-qualified version available




& | Breadboard amplifier phase fidelity
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{ Breadboard amplifier phase fidelity
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% | Measurement principle «go~ =




Setup to measure phase noise introduced.by fiber amplifier

S\

DX
to phasemeter
(X
PD 1

Breadboard 3

Breadboard 1

PD 3

vV—x—d
2.4GHz e PD 2

Illm:m & S

Breadboards, modular setup, and electronics in rack ensure transportability
room temperature fluctuations - passive thermal isolation
power dependent phase shift in mixers - active amplitude stabilizations
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Master

laser

Fibers
delivering

light to —=

measurement
breadboard

slave
laser
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Setupln the Iab phase Agasurement

Fibers to
photodiodes

Device under
test
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| Setupin the lab - electronigs—~ =

Laser driver

Amplitude
stabilizations

Offset phase lock

Signal generators

Spectrum analyzer
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Laser driver

Computer console

Power supply

AD converter
Anti-aliasing filter
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Not reliably reproducible.
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* Laser system with flight
heritage available

* Transportable test setup is
in place*

* Next measurement windows are
e end June - mid July
e end August - mid October
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