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OPTICAL COMBS ALLOW FOR A DIRECT LINK
BETWEEN RADIO FREQUENCIES AND
OPTICAL FREQUENCIES

CAN BE USED IN PRECSION OPTICAL
METROLOGY AND DUAL COMB
SPECTROSCOPY

MORE PRECSICE GPS AND OPTICAL CLOCK
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FOURIER TRANSFORM

OPTICAL COMB

AN OPTICAL COMB IS THE
SPECTRAL CONTENT OF A
PULSE WAVE TRAIN
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OPTICAL COMB EQUATION
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Hardware Overview

Fast analog inputs
(2 ch. @ 125 MS{s, 14 bits)

Fast analog outputs
(2 ch. @ 125 MS/s, 14 bits)

Digital sig. extension connector
16 FPGA GPIOs

Remote access
{Ethernet 1Gb/s)

USB port
(USB OTG)

Console
{micro USB)

Power
(micro USB)

L W -

Analog Sig extension connector
Low speed ADCs (4 ch. @ 100 kSfs, 12 bits)
Low speed DACs (4 ch. @ 100 kS/s, 12 bits)

Dual core ARM Cortex A9+ FPGA
{(Zyng SoC)

DDR3 RAM 512MB (4Gb)
Daisy chain connector

System & FPGA image

{micro SD card)




Loop Pump
Filter diode
(PID ) current
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COMPACT
TENS OF THOUSANDS OF DOLLARS CHEAPER
MUCH LESS POWER COMPSUMPTION
MOBILE AND EASILY DEPLOYABLE

CAN BE CONTROLLED REMOTELY




LOCKING A VOLTAGE CONTROLLED OSCILLATOR WITH RED PITAYA

~ 45 MHz
OUTTO
COUNTER

RED PITAYA

PHASE
DETECTOR

CORRECTIVE
FEEDBACK VOLTAGE




CEO Lock Optical Lock Counters

Export PSD data Auto-refresh L’OCk VCO Gain (DACD) Hz VCO sign +
- . -4.0e+02 [ X
Transfer function| Refi y [ms]: q [Hz]: ted VCO Gain [Hz - () vCOo sign -

Export ADC data 210 ms Residuals thresheold [rad]

Spectrum analyzer fdiagnostics (all computed from raw ADC input)

ADC fill SR Cutput Offset
[bits] [dE] DACO[V] DACO[V]

15 s

Spectrum

40
30

Input:

Plot type:

27.72d8 0.0010V 0.0000V

1MHz ~ OMHz REW:125.5kHz

pythonw

PRE-LOCK ERROR:
+ 100 Hz

Optical Lock Counters

Export PSD data Auto-refresh CO sign +

S off ~ )
Transfer function y [ v () VCO sign -

Export ADC data | Actual delay: 147 ms

Spectrum analyzer/diagnostics (all computed from raw ADC input) P O ST - LO C K E R R O R o
°

ADC fill k) Output Offset

Spectrum

[bits] [dE] DACO[V] DACO[V]
; +.01H
__ _ T . y 4

40

30

Input:
Plot type:

Hlus ket 25.5 khz; Points:




SCHEMATIC FOR REPETITION FREQUENCY LOCK f;é’p
THEOREICAL TECHNIQUE

RED PITAYA

N PHASE
PZT N DETECTOR
ACTUATOR

FUNCTION ( Ny )
GENERATOR “_ _/

CORRECTIVE
FEEDBACK
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SCHEMATIC FOR REPETITION FREQUENCY LOCK f;gp

CORRECTIVE
FEEDBACK

-

RED PITAYA
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RESULTS OF PULSE REPETITION LOCK

CEC Lodk Optical Lok Counters

Setlings

— o YOO Gain C 1) [Hz o _ _
| Expart PSD data | 7| hwto-refresh LDCk ¥CO Gain DACT) Bz 1e3 @ YOO sign +

[ =— . .. —— off :
Trannrer'rmr_ﬂml Refresh delay [ms]: 200 Reference freg [Hz]: 43,9550e6  Detected VCO Gain [Hz/V]: - _ W00 sige -

:E:q:mt AT dar.all Actual delay: 190 ms Resduals threshald [rad]: 1

Spectrum analyzer diaonostics (all computed from raw ADC input)
ADC fil SR Olurtpit Offset
[hit=] [dE] ©Daci[v] Dac i[¥]
5l
15
Bazsband 10
W’

Input: [aDC 1
- Piot bype: [Si:u:cl:rum

c 3.88d8 0.4785Y 0.0273V - -
N 47.;;:'47 ._,:..M__I_," REW: 135,5 kHz; Points:  1.73e3

PRE-LOCK ERROR: + 1 Hz
POST-LOCK ERROR: + 0.1 Hz



SCHEMATIC FOR OPTICAL LOCK

VARYING
DC SIGNAL

CW LASER |—————— *’@

Normalized Transmittance

AMPLIFIER

PHASE

Q DETECTOR

1530.0 15305

CORRECTIVE

FEEDBACK Wavelength (nm)

RED PITAYA
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