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Phase Encrypted Image Processor

Lens

Input Phase-Encoded Image Fourier Plane Phase Code Encrypted Image
exp{inf(x.y)} exp{i2ab(v,w)} #x.y)
Output Phase Key

exp(-i2np(x.y)}

L

Encrypted Image Fourier Phase Key Decrypted Ph'ase-Encoded Image
#x,y) exp{-i2mb(v.w)} explinf(x.y)]
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Femtosecond Optics for Optical Data Storage and Detection

HH“ G3 (600L/mm)

l(

]
i
’ /(

G1(2400L/mm)

. &
Reconstruction &
o
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Delay-Line Signal Processor (1)

RF
|NPUT°‘1 INPUT ® INPUT

/\ p—To —
OPTICAL . 0 . -o
SOURCE | MODULATOR

TAP
WEIGHTING
OUTPUT

IMPULSE RESPONSE ' L CORRELATION OUTPUT

I

LA LAV,

— =t TO oo t — Tor— t
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Delay-L.ine Signal Processor (11)

KN-1 KN-2 KN-3 K2 K|
:>mm cos m
- - sne . - O $
[ ' I Ka‘ KJ'
K K2 Kn-3 N-2 N-I
Kn-3 K3 K2 Ky
™M e || 1 1
D D éJ asw u - u D )
I I I I
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Delay-Line Signal Processor (l11)

DIRECTIONAL
COUPLER

\ Ty o—py _y©
T
X, by Ti by, b b

<
/
0
!

<
i

<4

X, 9n An-1 g, do Y2
Y X2
)
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Delay-Line Signal

FIR IR
+ > Iout
A l

N

O

CH >

—>+—+

Pulse

Doty

Processor (1V)

Variable
coupler

’j + Oscilloscope

PD

EDF

980 nm

FBG (A,)

mi Seoul Nat’l Univ.

NRL HoloTech



Delay-Line Signal Processor (V)

0.8 |

0.6 |

04 |

0.2 1

o

T 21

Normalized frequency (rad)

Frequency response (a.u.)

o
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Delay-Line Signal Processor (V1)

Y Y Y ;ETSE%TA Y T Y

SONAR
TRANSMITTER OR RECEIVER
RADAR J
e 1l L] | S
TRANSDUCE TRANSDUCER
— 2 AL AW —
F-0 DATA-RATE mmyg| F -0
ROL TRANSFORMATION ROL

FREQUENCY sy [ F-0
FILTERING ToL

F-0
A ' TOL
CODE - GENERATION ___AT.

AUTOCORRELATION
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Optical 3R Regeneration

* 1R — Amplification
« 2R — Amplification and reshaping

* 3R — Amplification, reshaping and re-timing

IR regeneration 2R regeneration 3R regeneration

lHNRIE R RTHI

mi Seoul Nat’l Univ. NRL HoloTech
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Electro-Optical node

n

AM~Aw

2»<
AM~Aw

(OEXC)

WDM-based OXC Technologies

M‘><
AM~Aw

~

Mx M
E. SW

1 > MxM
— > =>

(OXC w/o converter)

—9ee g9p Doy

Receiver

— >
——>
——>
— >
— >
——>|
— >
— >

laser

Simple Optical node Full conversion optical node
(OXC with converter)

.

A

y

AM~Aw
2»<
>_)7u1~kw

' YV VY

A~A

w

MW x MW OSW

—l—>
—il—>
- A~Aw
—il>
-
I Al~AwW

—il—>
—il—>
el A~Aw

Wavelength
converter
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OXC System Venders Compared

B[ A}

Switch Type

connectioin/

HEXNZ Spec protection bandwidth Bl
time
PZT(& &) . 72+72 (max) e . .
e <o t==st A|AE]
ASTARTE Optical MEMS(2t3) STAR switch 7250 5764576(3E3) 150ms ch ot all optic switch Al
. Electical switch(& &) ; ; 2.5Gbps SONET performanc monitoring
Tellium + MEMS opiic (2t3) AUROA optical switch 512x512 50ms 0C-192ready P, SONE, ATMS E|H o2
; . WAveStar )
Lucent Optical MEMS (Microstar) R 256%256 50ms Bit rate and protocol transparency
Nortel Electrical switch OPTera Connect HDX |  1000*1000 ~ms 120Gbps~40Tbs packet/optical integration
Xros Optical MEMS switch X-1000 OXC system [ 1152%1152 50ms Noetel M & A
IP, SONET, ATM direct attaching
Cisco Electrical switch B LD Wi/ 256%256 50ms Z:a0bps Swoftware—based provisioning
length Router
(WaRP)
. ; Modular Chasssis design
Sycamore Electrical switch SN 16000 512%512 2.5Gbps R B taror oite
Ciena Electrical switch Multiwave CoreDirector 256*256 Al Opiical'sighaing and Routing
64*10Gbps protocol
Sirroco Typhoolvat‘étr'fa' RECE 10Gbps Sub-larmbda multiplexing/switching
. . : . 10242 5Gbp e s
BrightLink Electrical switch Cleapath 1024+1024 256+10Gbps hypertorous switching fabric
DiamondWav
: 1 : oy 4096+*4096 ;
Calient | Optical MEMS(SCREAM) | photonics switching (7 rack) 40Tbs( 7rack) MPLanmbdaS supporting
system
Marconis Photon Interconnect 30432 N e
System
Htachi Optlcal(ﬁlephanﬁza_[) AMN 7000 OXC 16416 150ms
Polymer switch(&F%) systme
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Fiber Bragg Gratings (FBGS)

Broadband source
I\ % i

Optical Spectrum
Analyzer

Bragg wavelength

}B :Zneff/l)

 FBG: a periodic perturbation of the refractive index
along the fiber length
« Advantages: all-fiber geometry, good filtering shape,
low insertion loss, low cost
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Basic Configuration of WADM using Optical Circulators

and FBGs
. , FBG
i__ 2 3
SO,
1
Drop <« 3 <« Add

o Simple structure
e Low crosstalk (not interferometric mechanism)
« Commercially available

|
mi Seoul Nat’l Univ. NRL HoloTech



Conventional OXC (C-OXCQC)

DEMUX 2x203W MUX
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Reflection-Type OXC (R-OXC)

e N WG ¢ compared with the C-OXC,
" " It halves the number of a

HHH WDM MUX/DEMUX pair.

SMA, | SMA; |SMA, e J. Kim et al., Electron. Lett.,

\ / AWG vol. 36, no. 1, pp. 67-68, 2000.
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Configuration of B-WADM ()

H tH H Light absorber
FBG1l FBG3 FBG5 22 OsSwW
oc H — — 1x4 Coupler
My Ay, A 3 / FBG1 FBG3 - P
10 M3 As 4 add Ag drop Ag
—_— 2 C\ 1 —
—_— o — =
ddre /1 6\ TBGL add A, drop A,
— = K7 EDFA
add A, dropd, VA
EDFA Zx ‘ — oc
- _§_ -~ 1 )\‘1, }\'3’ }\'5
‘ drop A, add 2, w6 \) _
A
= JI\S pae—

FBG 2
1x4 Coupler \/} ‘ drop 2, add 2, ' N 4 A Agy A

VA  dropA,

Light absorber

e Reduction of two 3-port optical circulators - low cost
e Compared with MUX/DMUX, good filtering shape of FBGs
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Configuration of B-WADM (lI)

H H t t Light absorber

FBG1 FBG3 FBG 2n-1

ocC ==

Ay g, N\ 8/ droph, T
-_— N6 — T

—_— 3 FBGIi

Ay g b /2 DN 00 M FBG k
H

=

2x2 OSW
Light absorber ——H— - . . H H
FBG 2n FBG 4 FBG 2

It is the fittest for B-WADM node that switches
only one optical channel.
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Single Fiber Bidirectional Transmission

e The number of fiber links Is
halved.

* When the wavelength alloca-
tion of each direction is inter-
leaved, fiber nonlinear effects
such as four wave mixing can
be reduced.

— — S — — o~
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IS-BOXC in a Single-fiber Bidirectional Ring Networks

%)

Independently switchable bidirectional OXC (1S-BOXC) switches
each bidirectional signal, both independently and simultaneously.

|
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IS-BOXC based on the C-OXC

C-OXC1

MUX

DEMUX

e Interleaved wavelength
allocation of DEMUX

e Light absorber

mi Seoul Nat’l Univ.
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IS-BOXC based on the R-OXC

11

AWG

switchable
mirror

*AWG
2
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Self-Routed Optical Network

Self-routed optical network

header C,
swapped to C,
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Self-Routed Optical Switching System

Header
processing
Unit

L, G

L=

—1

FHOOC/TB
1 Decoder

Routing
Control
Unit

New header

, == Bragg Grating

S

)

on/off switch

b
e\

FHOOC/TB
Encoder

= L

Circulator

=

1X2 Switch

N

e

FHOOC/TB Encoder (or
decoder) structure
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Reconfigurable Free-Space Optical Interconnection

CONTROL
SIGNAL
IC,  E-SLM HOLOGRAM IC, i

HOLOGRAPHIC
SL™M

- ¢ s,

ﬁ | . '%ﬂg El:;:.-"-.
g @ @&

g T JV L 2T @y ¢

g
SIGNAL DETECTOR

(a) (b)
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Time _ _
4 Photonic Network Optical S!gnal
Processing
1fs |
Photonic Computing
Photonic Switch
MMWP
Oplical Switch _
Tera-bit Memory
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Fundamental Logic Gates

g
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All-optical Logic Gates World-Wide

Log/c Remarks
FWM in SOA 10Gbps [95]

Nonlinear Optical Loop Mirror in fiber (NOLM) 10Gbps [98]

AND Nonlinear transmission in EAM 10Gbps [01]
SOA based UNI 100Gbps [98]

OR SOA based UNI 10Gbps [00]
Monolithically integrated IWC [MI] 10Gbps [96]

SOA fiber Sagnac gate 10Gbps [99]

XOR SOA-assisted fiber Sagnac gate 5Gbps [99]
SOA-based UNI 20Gbps [00]

SOA-based cross-polarization modulation 5Gbps [01]

Integrated SOA-based IWC [MZ] 20Gbps [00]

Integrated SOA-based IWC [MI] 10Gbps [01]

NAND Negative nonlinear absorption effect in Er-doped aluminosilicate glass 1 Gbps [99]
SOA (XGM) 0.1Gbps [97]

NOR two-section SOA (0.5 +1.5mm) 5Gbps [99]
NXOR Integrated SOA-based IWC [MZ] 10 Gbps [01]

al Seoul Nat’l Univ.
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Fundamental Principles of All-optical Logic 0|4

XGM

Input Signal

U1
U e
ﬁ Converted Signal

Gain Saturation

CW A
— —

Input signal g sweeps the carrier when
input signal with high power is asserted.

Input signal .5 with high power = CW . _ with low power
Input signal .5 with low power = CW . with high power

Output signal 1, is inverted signal of input signal A .

XPM

Probe signal Output signal
—_ i i
1
M
-

Pump signal
)

Carrier density of SOA (3) and SOA (4) is changed due to
probe signal and pump signal.

Change of carrier density causes the variation in
refractive index.

Due to the reason above, change in phase occurs.

Interferometric effects at the summation point of SOA (3)
and SOA (4) causes the variation of output power.

MPhase difference of = =» minimum output power.
MPhase difference of 0 = maximum output power.

mi Seoul Nat’l Univ.
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All-optical AND gate (KIST)

XPM WﬂVElength CONVerter with definable binary point of Pump and Probe signals

Static Characteristics

Output power (a.u.)

0.04

o
o
w

o
[an)
nNo

o
o
—

o

Input power vs. output power

— 0dBm probe power
-100dBm probe power

C

\ o -

25 5 75
Input power — pump signal (mW)

O

10

Probe Pump Output Position
signal signal
LOW (0) LOW (0) LOW (0) A
LOW (0) | HIGH (1) | LOW (0) B
HIGH (1) LOW (0) LOW (0) A
HIGH (1) | HIGH (1) | HIGH (1) C
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Logic AND : Experimental Set-up

0]

Mode locked pMuUX

. ) &4
InpUt Slgnal Optical delay

Polarization

Optical
isolator

Signal
Analyzer

Wavelength

filter

B(pump)

e

EDEA Al AL
%’ L An

C

(X0

pulse 5GHz
/% controller
50:50
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A (pra

XPM
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Logic AND : Results (20 Ghb/s) ]S

“All-Optical AND Gate Using Probe and Pump Signals as the Multiple Binary Points in Cross Phase Modulation,”
Japan Journal of Applied Physics, Vol. 41, No. 5A, May, 2002.

_—
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Serial-to-Parallel Data Converter Based on SOA-MZI 0| A

Mach—-Zehnder

Parallel Data ~ WDM Interferometer

17, DeMUX . Parallel Clock
|3 Td
SOA
M Au A
: |2 T AA--Al ™ O @
< A s |
ouT IN T b
> S8 / (n—1)Tb§
ol s y |4 . fon A
2t WDM MUX

. —>| |<—
Serial Data Tb Control

« WDM multiplexer, MZI, WDOM demultiplexer
« Using wavelength conversion based on M/Z|
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MZ|-Based Serial-to-Parallel Data Converter Experiment o| A

D1 Variable Delay

S

20GHz — PD Y 3
Sampling D2 Tb p
Oscilloscope H PD MZI ¢~

2h

] Serial Data D_/_

10Gbit/s | |iNbO, Modulator EDFA polarization

(b)

Optical

Clock -| : Clock 1 Controller

Source Tb b D &
L] Clock 2 <>

Coupler

Intensity [a.u.]

a) 10Gbit/s serial input data

b) Parallel input clock for D, (d)
c) 5Gbit/s converted parallel output data D,

d) 5Gbit/s converted parallel output data D, Time [200ps/Div]

AN N N
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Spherical Aberration

aberration-free lens

paraxial focal plane —

-
TSA
—

LSA——
longitudinal spherical aberration

transverse spherical aberration
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Astigmatism

tangential image
(focal line)

| sagittal image (focal line)

-

/'

tangential plane principal ray o
/ - f r
k - =
- f
- /
- —
; sagittal plane
¥\ -
09{‘9@3 -
" -
™ optical system
object point paraxial
focal plane
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Coma

points on lens corresponding
1 points on £
4/ \2 1
1!
[ N
1!
3 3 0 3 3 4
\ v, & /
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focal plane —

e
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