Integrated, Software-Defined Pulse Modulator and Laser System

Overview
Motivation
Pulsed optical communication systems have different characteristics compared to
CW systems:

* Lower power consumption

* Lower data throughput

 Higher range with non-linear detection

 Can provide ranging with time of flight, can pass through some clouds

Applications:
Ranging, Time-of-Flight experiment, LIDAR, Optical communications

Miniature Optical Communication Transceiver
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« Size, Weight and Power within 0.5 U, ~10 W, 2 kg
« Data throughput is expected to be between 10 Mb.s*! to 100 Mb.s!
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Software-Defined Pulse Modulator
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The modulator is fully implemented within the FPGA. The only external component
is the clock. Since it is based on timestamps, not slots, the modulation is flexible.
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A pair of phase lock loops, commanded by a control system, generates a clock
signal of period T,,,,.. When T, ,,- is equal to the delay under test, the arbiter

returns a high bit half of the time. The control system adjusts T, to maintaina

ratio of Ones/Total of 50%, and records the value of T,,,- over time.
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Software-Defined Pulse Modulator
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SmartFusion2 FPGA development board
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Delay Chain Calibration and Tracking!?
Drift of the delay chain for a fixed setting through time.
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~ Bit Error Rate

20 MHz, 20 ns guard time, based on current calibration error and random string jitter.

10°

10!

1072
o
Ll
m 103
D
=, PPM4
s Lo PPM8
S PPM16

PPM32
PPM64
PPM128
— e, a=120ps
€car =10PS

€cal ¢
t s are achieved. The obj
R 0D hosted o poulge

4 PPM Demonstration, Stacked Random Strings
20 MHz, 4PPM, 20 ns guard =TT _
10 ns by div.,, more than 1000 samples. =+ . .
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Seed Laser Driver
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4 possible symbols at 20 MHz — 40 Mb.s""

5 ns pulses are emitted in 5 ns time slots, equivalent slot clock of 200 MHz.

20 MHz, 32 PPM, 5 ns guard-
5 ns by div., more than 1000 samples
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32 possible symbols at 20 MHz:

5 ns pulses are emitted in 930 ps time

20 MHz, 32 PPM, 20 ns guard .
1 ns by div, more than 1000 samples =~

Noise with

1.0ns/div XRef
August 04, 2017

ndom r+ -to-Symb
., 20 a rd de
rder of modd*a’fio ' . Sl to 30

chieved with a hi in a or ev

o‘: 5 o

CLICK (Cubesat Laser-com Infrared Cross linK) is a mission combining a UF PSSL
modulator with an optical system provided by MIT StarLab. Its goal is to establish
a laser communication cross-link in orbit and demonstrate ranging capabilities.
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crosstalk, max extinction ratio, capable of gain-switching. 20 ns guard
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Principle of operation

FLASHE (Fast Laser Advanced Switching High-Frequency Emitter)

~100s ps laser diodes pulse drivér, designed for low jitter, low symbol-to-symbol

& PSSL

time.

or forced through laser.
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Fine pulse width control.
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