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Introduction

Input light
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Control Light Processing Input light beam
—— | ]
beam source, C unit parameter change

Basic block diagram of optical signal processing

O In the block diagram have two light beam sources, one is input light source, I, and control beam source, C.
O With the interaction of input beam with control beam C, some of the parameter of input

light beam, I, can be changed.

U The parameters may be wavelength, amplitude and phase. By changing the parameter of input beams, the output can be
function as wavelength converter, switching, modulation and

Others.
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Introduction

O Applications and related projects

control the different
parameter of the light beam by
another beams /different
light beams interaction.

«» Ultra-fast interconnection optical networks (MUFINS,
LASAGNE, EUROFOS in Europe, NEDO in Japan)

“* Network security (Optical firewall ~-WISDOM in Europe)
* Optical Computing (Lincoln Laboratory-MIT)
“*Microwave Optics & Low phase noise radar transmissions

0 High bandwidth <*Sensors in hostile surroundings

d High spectral and spatial coherence “ Grid Computing
O RF interference free *» Medical applications
O Robustness to the cosmic radiations < Biophotonics and Spectrograph

O Low distortions in signal distribution . : L . .
“*Material characterization and applications in space capsules

(NASA)

“*Interference Mitigations
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Injection locking: Operating Principle
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Fig. Experiment setup for the injection locking in SMFP-LD a
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> In PIL, 2 states: Strongly Injection Locking & Weakly

dn(t) _J n(t) G, (n(t) — ng}E2(t) Injection Locking

dt ed T

» In NIL, 4 states : Strongly Injection Locking, Moderate

Deciding parameters to obtain the injection locking Injection Locking & Weakly Injection Locking

» Wavelength Detuning
» Input Injected Beam Power
» Polarization state

Ref: Bikash Nakarmi, T.Q.Hoai, Y.H.Won, Xuping Zhang, |IEEE Photonics Journal, June 2014.,
Wang, Pet. Al, , 2015. Frequency tunable optoelectronic oscillator based on a directly modulated DFB semiconductor laser under optical injection. Optics express, 23(16), pp.20450-20458
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LD: Operating Principle

B-1) Negative wavelength detuning injection locking
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SMFP-LD: Injection Locking (PIL & NIL)
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Fig. Experiment analysis of the NOI and POI in SMFP-LD: (a) output power variation of different modes (b) weak injection (c) moderate injection
(d) strong injection (e) ultrahigh injection (f) wavelength variation.
Ref: H. Chen, B. Nakarmi, M. Rakib Uddin, and S. L. Pan. IEEE Photonics Journal,2019
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SMFP-LD: Optical Bistability
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Fig. Bistability properties analysis of the POI and NOI in the SMFP-LD (a)(b)(c) injected to A+s1; (d)(e)(f) injected to A+s2.

Ref: H. Chen, B. Nakarmi, M. Rakib Uddin, and S. L. Pan. IEEE Photonics Journal,2019
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Microwave Photonics: Introduction

» Microwave Photonics introduced in 1991
» shortest wavelength region of Radio spectrum and a part of EM spectrum

THE ELEGTROMAGNETIEG SPEECTRUK

Advantages
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higher sped
Improved Directive,

smaller antenna size

Low power requirements
are pretty low for Tx and
Rx at microwave
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Microwave Photonics: Introduction

Y | -
g2 Communication
A » Terrestrial

»> Satellite
» Wireless Charging

> Military Application

» Air traffic control

» Surveillance & Navigation
>

>

Industrial and
biomedical

Biomedical Imaging
Sensors

Waste Treatment
Dying

Monitoring®

Remote Sensing
Law Enforcement

Monolithic
Integration ’

YV VVY
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Microwave Photonics: Introduction

Disaster prevention

Airport and port security

e ————

JANENY ‘
‘

Urban traffic control
Building failures

extra-urban
traffic control

Satellite: Earth observation &
communication

=== Optic signals
RF signals
GEO: Geostationary Earth orbit

LEO: Low Earth orbit
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Microwave Photonics: Introduction

Components for
Microwave Generation

» Semiconductor lasers

Optical : > (VCSELs, FP-LDs, Quantum
Microwave dot lasers)

Generation > Fiber ring Lasers
» Photonics crystal

Methods for Microwave
Generation

» Optical heterodyne
» Optical phase locked
Transmission loops

& Detection > Dual-mode lasing
emission

» Injection locking (external
beam injection, feedback
injection, side band injection)

Fig. Basic Block of Microwave Photonics » Frequency combs

Signal
Processing
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Microwave Photonics: Introduction
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Microwave Photonics: Operating Principle, NIL
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Ref: H. Chen, B. Nakarmi, M. Rakib Uddin, and S. L. Pan. IEEE Photonics Journal,2019, Zhang Limin and et. Al, Photonics Asia,2019
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Microwave Photonics: Multiband RADAR Signal Generatio
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Microwave Photonics: RF Switching and Generation
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Ref: B. Nakarmi, H. Chen, Y. H. Won, and S. L. Pan. IEEE/OSA JLT, 2018
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Microwave Photonics: Generation and hopping results
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Microwave Photonics: RF Switching results
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Ref: B. Nakarmi, H. Chen, Y. H. Won, and S. L. Pan. IEEE TMTT, 2018
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Microwave Photonics: Switching results
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Ref: B. Nakarmi, H. Chen, Y. H. Won, and S. L. Pan. IEEE TMTT, 2018
Ref: B. Nakarmi, H. Chen, Y. H. Won, and S. L. Pan. IEEE/OSA JLT, 2018
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Microwave Photonics: OEO

» OEO (optoelectronic oscillator)works as a microwave oscillator using

optical devices to store energy. -40 374148 -40 352148
C B B E
JN S . OsA £ < o
|_|l LNA EBPF  PD — = 2 z =
Nfm 7 M EEE =80 £ 80 =
S E8SE
Dol W‘% I l l T §_ -100 bt gl 100 f '
TL PC | lVbias ¢ ¢ = 0 5 10 15 20 25 30 0 5 10 15 20 25 30
'..- 1 3 2 8 Frequency (GHz) Frequency (GHz)
= D000 - o ov | ,.6\. bzc ® SMFP-LD o @ (b)
c “
T fm @
8 0
Fig. Experimental setup of the proposed harmonics locked RF multiplier with an E 20 2
optoelectronic 2 g
30 — g 40 5
o o] /=20 GHZ 5 E
B P -60
> If gain of the OEO loop is Q g o5
higher than the loss. a @) E 70 | Z. 1548.4 1548.6 1548.8 1549.0 1549.2 15494 1548.4 1548 6 1548.8 1549.0 15492 1549
; ; ; ’ O % ) Wavelength (nm) Wavelength (nm)
hlgh-purlty OSCIIIatIng % & -804 -400 200 0 200 400 © (d)
multiple RF frequency 3 90 0 _ _
can be generated 100 J"‘“‘W‘MMWW' '1 Fig. (a)(b) The electric spectrum of the output of SMFP-LD after
' 0 5 0 15 20 25 harmonics injection locking with N = 4, 5, and 6 and the corresponding
Frequency (GHz) optical spectrum(c)(d)

Fig. The electric spectrum of the RF
signal with the sextuple frequency

Ref: H. Chen, B. Nakarmi, Zhang Limin, Bassi Snehi, and S. L. Pan. IEEE Access Under Review
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Microwave Photonics: OEO
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Microwave Photonics: FMCW

Basic FMCW (frequency modulated contir}uq

us wave) radar properties

radar object ’ - R = C;d = C];%TS ARres =55 Rimax
4 T RageRr rOGoN o AP A
Velocity v ) v = AnT, VUres = m Umax = 4_TS
tg Ts t
Linear Frequency Modulation (LFM)
Waveform Waveform A Waveform B Waveform C Waveform D
f1 f1 f1 f1
B B
B/2 B/2
Ty ? T, 5[ T/2 T, 5[ T/2 T, ?
Bandwidth B (3GH2z) B/2 (1.5GHz) B (3GHz) B (1.5GHz)
Sweep Time T, (1ms) T, (Ims) T,/2 (0.5ms) T/2 (0.5ms)
Range resolution c/2B (5cm) c/4B (10cm) c/2B (5¢cm) c/4B (10cm)
Maximum range cT,/10 (30km) cT,/10 (30km) cT,/20 (15km) cT,/20 (15km)
Maximum velocity AJAT, (7.7km/h) AJAT, (7.7km/h) A/ 2T, (15.4km/h) A/ 2T, (15.4km/h)
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Microwave Photonics: Redshift and LFM Generation

I
[ Path B 1 fien Af T ar,
: 1/1 A : A i f
[ . 1 (Nth+AN)
- = = LIS =~
! ¢ ' | L] | L
I
(@) (b)

(a) SMFP-LD without optical injection, (b) Redshift in SMFP-LD with
optical injection.

L0
m - Tr - <002
() - ) pmmmmm—————— e
W
| MFD2 438 GHe
P
18 A MFD:-325MH 2 I
=y g 18 8 s
E\: 15 | E; 3 5 1
'E: WW E: L& :: » ; : o3
=) g . . L2 ; i " :
= 14 MFCEAS0MH B 14 | b } f
12 WD S00MH2 —a— clerlar=0.08 rem 12 e 7 ~ - : v '3 - T - T .8
W —+— deka=0.12 rm - lumm:l ’ Imu-:,nl
i ¥ —— dela=0.15rm
10 L T T L T r 10 o T r T 4 r m) )
30 Py -25 20 Py 15 -10 -3 Pu2o a5 -0 5 Pat 3 Measured waveform and time frequency diagram for dominant mode and 15t mode
Pow e dBm) Power{dBm)

Ref: Zhang Limin and et. al, Photonics Asia 2019 & SPIE optical Engineering
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Microwave Photonics: LFM Generation and Imaging

Laser Driver e =04
R & |
02 -02
cor  9¢ fe Jc g g
O—alr == 3 S
’=/ o D o
DEFB laser g %
E & —
g 01 g 01
____________________ — F = 4
R | PD EA A O o2 O o2
1 =1 ' _
1 = 1
[ ! Tx 03 03
H . éjﬁ b Reference signal
— |
H ER Lot ' 04 04
1
g g : N Fcho signal ; L 035 04 045 05 0S5 08 085 07 075 08 035 04 045 05 05 08 085 07 o075 08
5_5 g : Rx Target Objects range/m range/m

(b) Imaging of two objects

MIP Image AL < -

(c) Imaging of five objects with identical distances

Ref: B. Nakarmi, U. Nakarmi, Ikechi, S.L. Pan , Invited talk, IEICE,
B. Nakarmi et. Al , Under preparation
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Microwave Photonics: Secure Communication

Random Signal
Generator 1

LD1 !
> Modulator
Ny
— Modulator
NNy T
LD2

Random Signal
Generator 2

Control input signal
generation

Optical Control Unit

s
— _ . %> pc  OC
2x4 > O3
Decoder — £ &
S %

_

PD

|

Fig. Proposed scheme for Secure communication with RF

Ref: B. Nakarmi, H. Chen, Y. H. Won, and S. L. Pan. Preparation
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Microwave Photonics: Cognitive RADAR

Control bits
IF-LFM1 KM
I —
Laser diode 1 |—{ Modulator 1
IF-LFM2
Laser diode 2
- Optical
Laser diode 3 Modulator 2 > Control and
w switching
D Unit
IF-LFMN Laser diode 4 M (OCsu)
[ Laser diode N-1 Modulator N
[ Laser diode N ]—’ ) \, j v
7 Optical
_— yd Splitter o Target
_ — One an(‘enna element
Decoder . O
7 ‘ Control bits

Decision 7
Switching Making Circuit | .-~
(Logic Gates) |~

Modulators

Fig. Towards Cognitive Radar

Ref: B. Nakarmi, H. Chen, Y. H. Won, and S. L. Pan. Preparation for submission
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Microwave Photonics: Interference Mitigation

[, frequency
A @
A
B > =
fe+ 3 fbo P ’/ ’: P 4:/,/ 7
oo .74 1 : P ;
\4 Paete 7 : 7 s
~ 7, 5 V. /,// g
B Tdk/ : & '\ PRINS ¥
femg > ay
‘TIL' Sweep time, T
Demonstration of 1, frequency t, time
(Victim RADAR) R Fri
7/ ’ f bo
t, zrz'me
T: t S (a)
arget space Imaging with/without filtering £ frequency

techniques

\‘. Movement of RADAR
> fe
Fig. Multi-Radar Environment

A, D ,

Object beat  Interference L, time
Ref: B. Nakarmi, Bai yan Song, chuangi, U. Nakarmi. Wang Xiangchun, Ikechi augustine, and S. L. Pan., Under preparation Sfrequency beat frequency Fig. Beat frequencies

(b)
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Microwave Photonics: Interference Mitigation
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Ref: B. Nakarmi, Bai yan Song, chuangi, U. Nakarmi. Wang Xiangchun, Ikechi augustine, and S. L. Pan., JLT, 2022
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Digital Photonics: Logic units

HALF ADDER

------------------------------------------ - m ppoinn M
v i - | i Ly J 0.
Mod 1 _ i -1 4 #  back to back
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Fig. Experimental setup for half adder Fig. Oscilloscope waveform traces for all-

optical logic gates and half adder

Ref: Bikash Nakarmi, M. Rakib-Uddin, and Y. H. Won, OSA Optics Express, July, 2011.
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Digital Photonics:. Combinational circuits

Data
[ E s e e e Processor internals |
E Central Processing Unit (CPU) ) " S5
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Fig. Proposition of Optical ALU Fig. Overview of implementing Optical ALU & research developments map

Ref: Bikash Nakarmi, M. Rakib-Uddin, and Y. H. Won, OSA Optics Express, July, 2011.
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Digital Photonics: Memory Accessing
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Digital Photonics. WDM Enabled Memory

Data/Data Selector

Row
Selector

Accessgate 1
Tunable Laser1
L1 (A)

Accessgate 2

=N
=N
=

Tunable Laser2
TL2 (A2)

Tunable Laser3
TL3 (Aa)

SMFP-LD

Accessgate 4
Tunable Laser8

TL8 (As) ]
Decoder Output P
Enable bit Memory
Units

Fig. ACCESS SWITCH using SMFP-LDs Fig. Conceptual diagram for the WDM enabled 4x4 memory accessing

technique

Ref: B Nakarmi, TQ Hoai, and YH Won, X Zhang, Optics express 22 (13), pp 15424-15436, 2014
QH Tran, B Nakarmi, and YH Won, IEEE Photonics Journal 5 (2), pp. 7900811-7900811, 2013
B. Nakarmi, Ikechi Augustine, Chena Hao and Shilong Pan and et al. IEEE JSTQE, 2019

Applications of Laser Diodes in Digital Photonics & Microwave Photonics




Digital Photonics. WDM Enabled Memory
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Microwave Photonics : DFB-LD and Dual-LFM
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Ref: Hao Chen and et. al, submitted to JLT 2020
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Microwave Photonics : DFB-LD and Dual-LFM
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Microwave Photonics : DFB-LD and Dual-LFM
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