How to use the metrological sighal :
amplification and optical comb control

Anne Amy-Klein, LPL
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*Reﬂmeve+ OUt“ne

= Amplification of the metrological signal

= Stability and accuracy transfer with an optical
frequency comb
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Which signal will you

Refimeve: .
* received?

" Metrological laser signal at 1.542 um
» Power from 1 uW to 100 pW
» Frequency stability ® 101 @ 1 s (full BW)
» Frequency accuracy =~ 1014
" This stability degrades after propagation in a
local optical fiber

" Main effect : thermal effect, after 1 m, stability
flooris = 101/

* Fiber noise DSP : 10-1-100 rad?/Hz/km @ 1 s
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* f. Metrological signal stability
nerimeve+ . .
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i’%eﬁmeva Amplification (I)

= Depending of applications, the signal should
be amplified

* Method # 1 : Erbium-doped fiber amplifier +
DWDM filter (to eliminate the wideband ASE)
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,'qeﬁmeve_,_ Amplification (Il)

" Method #2 : optical tracking

> Local
> Local

aser phase-locked to the metrological signal
aser can be stabilized to an ultra-stable cavity

Vref + A
: >
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l“?eﬁmeve+ Local RF frequency

» Usual RF frequency (from synthesizer)
» Accuracy 10°
»If A=100 MHz, accuracy 100 Hz — 5x1013 @ 200 THz

= GPS-disciplined low-noise RF oscillator
» Accuracy < 1010
»If A=100 MHz, accuracy 0.01 Hz — 5x10/ @ 200 THz
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*eﬁmeve+ Amplification (Il1)

" Method #2 : optical tracking

ref
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Stability transfer
to another frequency

= An optical frequency comb enables to transfer
the stability and accuracy to other frequencies

*efim eve+

= Two steps

V
f aser
_@ re ). Laser to be measured

seconde/ or stabilised

Stability and accuracy transfer
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A femtosecond laser as

optical frequency comb
fs laser : pulses of duration 10-100 fs every 1/f., (1-10 ns)
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Frequency to be measured

Fourier transform )y '\\ frep

rep
///(1 I\f
‘:' ~
T\v=vp+A

" fep : fine scaling ( f, ~ 100 MHz -1 GHZ)

= optical frequency ~ pxf,., with p an integer ~ 10* to 10°
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- Frequency domain
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L . Self-referenced
*eﬂmev& .
optical frequency comb
fr'ep - beathote — | T |

Laser fs >e I [ [ R (R
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Photodiode T T
RF spectrum analyser
fo
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Refimeve:  Comb frequency control

" Every mode frequency depends of the two RF
frequencies :
v, = pf

rep T fO

" f.., and fy should be stabilized in order to
control the comb modes frequencies

" ., is controlled with the metrological signal
(optical frequency reference)

= f, is free or controlled with a RF frequency
reference
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*eﬁmeve» Stabilisation of frep

" Beatnote between the metrological signal and
the nearest mode of the comb

PC

|
osecond DWDM !
aser Filter !
f |
tO f e CONrOlfm e e e e PLL b=====m XA

A =Vref (pfrep'l'fo)

Vief (pfrep+fo)
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*eﬁm eve+

Stabilisation of f,

= Stabilization to the local RF frequency reference

PC
Vref

second

DWDM
Filter

A, ®---{PLL

A0=fo

reference
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PLL

A =Vyef - (pfrep+fo)
= Comb stability and accuracy depend on the local RF

A
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a’%eﬁmeve» Removal of f,

= f, can be removed from the optical beatnote
and let free

CcP

Vief - (pfrep+fo)

osecond DWDM ®<----- f,
aser Filter :

ly - pf
| ref re
to f,., control i ! P

SR PLL {======= ®*---- A
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Frequency
measurement

" The laser frequency to be measured is inside
the comb spectrum

.I fy comb

DWDM
Filter

Laser to be

Am = Vimes ~ (qfrep+fo)

mes

measured

Vines = A + (qfeptf5) = A +(a/P)(Vees -A) + £,
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*efimeve-r Or frequency control

" The laser frequency to be measured is inside
the comb spectrum

DWDM
.I ty comb Filter

Vimes - (qfrep+fo)

Laser to be
measured

L — PLL fm==mm=mm B A,

Vines = A1 + (qf eptf5) = Ay +(q/p)(V,er -A) + £,
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Frequency accurate

determination ()

" How to determine the frequency ?
» Determination of p and g
» Determination of the signs

*eﬁm eve+

Vies = A + (qf o, )= £A, +(q/p)(v,es 2A) £ 1,

= You nheed to knowf __, v

rep’ Vref et Vime
dCCUracy

. with enough

= Or you combine two or more measurements
with different f,
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Frequency accurate
determination (Il)

" Example : the repetition rate stabilisation
(after f, removal)

A =% (V,of - Prep)
With v..=194 395 310 263 841 Hz
A =150 000 000,00 Hz (109 accuracy)
fop= 249 998 919,95 Hz
One calculate : p1= (v, + A)/f

*efim eve+

«ep= 777 585,2004
-A)/f.. =777 584,0004 : OK

rep—

p2= (v

ref
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Mid-IR frequency
measurement

" Qutside the comb spectrum (even with extra
broadening)

*efim eve+

= An extra set-up is required : vy z= v, - v, = (p-q)f

rep
VMIR g
3 (P-q) frep <
N ——— /)

Sum-frequency /
generationin a
nonlinear crystal

! > 1 >

qfrep+f0 pfrep"'fOi v

Afrep * fo+ Vi
» example : 1850 nm + 10 um = 1550 nm
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I“Reﬁmeve Conclusion

" Various schemes for the comb frequency
control and the frequency stability and
accuracy transfer

" Alocal RF reference frequency is required for
accurate frequency transfer
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Frequency noise PSD [HzZIHz]
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