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Periodic train of light pulses, e. g. from a LED
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Periodic train of light pulses with coherent carrier



Fixed point of  ’elastic tape’

0 Hz

Optical Frequency

 laser intensity
nfix   5 THz

cavity length
nfix   -50 GHz

 Sapph. temp.
nfix   30 THz

end mirror tilt,
prism displacem.
nfix = arbitrary



Applications of Femtocombs in Frequency Metrology

Task
Link the difference of  2
optical frequencies to MW
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Phase-coherent measurement: detection of phase angles
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Signal � fluctuations of references and femtocomb !
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'DWD�SURFHVVLQJ

�3RVVLEOH�QRLVH�FRQWULEXWLRQV
O �&RXQWLQJ�	�GLJLWL]LQJ�QRLVH
O �6HUYR�FURVV�FRQYHUVLRQ
O ,PSHUIHFW�FRPSHQVDWLRQ�RI�GHWHFWLRQ�UHVLGXDOV�GXH�WR�GLIIHUHQW

ILOWHULQJ�GXULQJ�GHWHFWLRQ�SURFHVV

�&RXQWHUPHDVXUHV
O 3KDVH�LQWHUSRODWLRQ
O 7RWDOL]LQJ�IUHTXHQF\�FRXQWHUV
O %URDGEDQG�GHWHFWLRQ�RI�DOO�LQVWDQWDQHRXV�SKDVH�DQJOHV�ZLWK

RSWLPXP�SRVW�ILOWHULQJ�RI�SURFHVVHG�VLJQDO��WUDQVIHU�FRQFHSW�
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(ODVWLF�WDSH�SLFWXUH�IRU�)RXULHU�FRPSRQHQWV�RI�SKDVH�IOXFWXDWLRQV�

jm(t)= jceo (t) + m j rep(t)+ const   Ã             =              + m               + const

(ODVWLF�WDSH�PRGHO�LQ�JHQHUDO�127�YDOLG�IRU�GHWHFWHG�TXDQWLWLHV
Hm(f)

HCEO(f)

HREP(f)

H complex transfer functions � 1,
e. g. PLL loop filter, delay times
Hm(f) � HCEO(f) � HREP(f)
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7UDQVIHU�EHWZHHQ�PLFURZDYH�DQG�RSWLFDO�UDQJH
Virtual frequency: 989 GHz
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Supercontinuum Generation
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AM � DtProp - coefficient: 4000 rad / 100%   1)

DP / P    10-3 (1 s),

DP / P    10-1 (104 s)

Ã  sy(1 s)   10-15

       sy(104 s)   10-17

T. M. Fortier et al, Optics Lett. 27, 445 (2002)

1RLVH�RI�SURSDJDWLRQ�WLPH

BW 20 MHz (cavity dumper)
Shot-noise -150 dBc / Hz
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H. R. T. et al, Appl. Phys. B 74, 1 (2002)



6XPPDU\���2XWORRN

� No cycle slipping - no principal frequency uncertainty

� Supercontinuum generation is deterministic for short pulses

� Instability < 10-15 (1s) realistic for arbitrary frequencies

� Experiments on a 10-17 level feasible, e. g. alpha dot
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