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ABSTRACT EXPERIMENT APPLICATION: Beat signal analysis
We demonstrate experimentally that the electronic frequency divider (EFD) (a) P | (b) L1 0
can be used as a simple tool for measuring phase/frequency modulation noise -~ Divided by N .20 B8 Ee
in the beat note and also provide theoretical explanation for that. - e —— . = undivided (5/1)
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where laser frequency stabilization and phase locking are universally Fig. 1. (a) The effect of EFD on PM sideband is reduction of sideband F1g. 2. Schematic of expe.nme.ntal setup. DL: Diode laser; FC Fiber Collimator; M1,M2:
needed amplitude (b) The effect of EFD on deep FM spectrum is reduction of Mirrors; L1, L2, L3: Collimating lenses; AOM: Acousto-optic modulator; Amp: 20
' . , spectral width. Amplifier; VCO: Voltage-controlled oscillator; FG: Function generator; PM: Electro-optic =
* Even though various methods h?w.e been prop os.ed to characterize FPN of phase modulator; 50:50: Fiber coupler; PD: Photodiode; Divide by N: EFD; Yellow = A0
laser.s, the. problem of determining the constltutlop of FPN spectrurp arrow: single mode fiber; Black arrow: free space path; Red arrow: Electrical cable. g €0
persists. Direct measurement of power spectral density (PSD) of FPN 1s 5
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frequency modulation (FM) and phase modulation (PM). Neither can it
provide any quantitative assessment about the often useful relevant 1950 -100 -50 0 50 100 150
parameters such as modulation frequency and modulation depth. Output of EFD to a Frequency Modulated input 0
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* A classical approach to describe output of an oscillator mutilated with FPN 2 2 ' | 2-150| g —
1s to replace the phase term by a deterministic sinusoidal modulation []. A - | ‘ -20 -10 0 10 20
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x(t)= Adcexp(2rfic t+£5in(2zflm £)) (1) o———————————— 0 — _ 0 ———— . Optical frequency comb (OFC) for division ratios of (a) 1 (undivided), 4, 8,
where is fUc carrier frequency and AJc is the amplitude of the signal =) ' I ) N = 16 and 32; (b) 64, 128 and 256; (c) 512 and 1024.
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* The function of EFD is to divide the phase of an input signal by its division % % -100 % -100| W (P A method based on the use of EFDs for the analysis of laser FPN has been
ratio (N). So division of the phase of Eq. (1) yields - @ - @ - (0 demonstrated. Unlike conventional spectral analysis techniques, this new
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* By expanding exp(f//N sin(27zfIm £)) into infinite series, Eq. (2) can be Frequency(KHz) Frequency(KHz) Frequency(KHz) parameters such as modulation frequency, modulation depth and
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______ Fig. 2. Comparison of theoretical simulations (red trace) and experimental data (black trace) of output of electronic frequency divider for different division ratio for tmhgdgria lizgllzd?é,trj;dmsfic% aamcuac alr)? Eie CC(;nr:pll;fe: ZI;SIZZ;ngZ;Se;?dggtﬁe
v(t)= Alc ) n=—ccTn=4+0E/(F/N Jexp(j2r flc /N t+2mnfim t) frequency modulated input. (a) divide by 1 (undivided), (b) divide by 2, (¢) divide by 8, (d) divide by 32, (e) divide by 64, () divide by 128. develoﬁmen ¢ (1;) f laser ' frequency II; ckingy systems Ang application of this
(3) Output of EFD to a Phase Modulated input method for the analysis of a beat signal between DL and OFC has also been
* Eq. (3) shows that EFD causes two changes on a signal represented by Eq. 50 50 | | | | 0 | | | | demonstrated. It can also find applications in a breadth of fields including
(1): it divides the carrier frequency fJc by N and it divides the modulation — | | | | | (a) | (b) ! (c) RF photonics, optical sensing, radar/lidar, etc.
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* Empirically, the bandwidth of an angle-modulated signal can be 3 o o g -50 [I]  A.N. Luiten, “Frequency Measurement and Control” (Springer, 2000).
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B by th? factor of N, causing all the sidebands to reduce roughly. by Same Fig. 3. Comparison of theoretical simulations (red trace) and experimental data (black trace) of output of electronic frequency divider for different division ratio for phase (2011).
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_* For intermediate values of B, one would have to rely on Eq. (3) to | | PM and FM. (a) divide by 1 (undivided), (b) divide by 2. J st | y

understand the effect of EFD. Also the effect of EFD on an inpuf containing
PM and FM simultaneously is mere superstition.
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