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XX\ Piohatonics

Applications

e Short-reach, Optical Interconnects
e Aggregation, metro, core networks
e Ultra-long haul DWDM

e High capacity, high-speed

e Optical networking

e HFC, RoF, Microwave photonics

e LIDAR, Satellite Communications

1.6 Thit/s (40x42.7 Gbit/s) Transmission over 3600 km UltraWave Fiber

EVEN channels Channel 39

(ODD channel, middle group)
€20, C22, C24, C26, C28, C30,

(C32,C34,C36

40x42.7 Gbit/s

e

¥ e Comf

ODD channels
€21, €23, €25, C27, €29, C31,
€33,C35

VPItransmissionMaker Optical Systems

DQPSK - Coherent Detection
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Benefits

v Analyze OSNR, Q, BER, TDECQ, ...

v" Evaluate component performance
and impairments

v Compare technology choices and
upgrade strategies

v Optimize equipment placement and
mitigation techniques



Semiconductor Lasers and Transmitters
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MZ Maodulator

Benefits

v Fast design & optimization of PICs and multi-
section semiconductor devices

v Study alternative design options

v Tune and optimize circuit parameters

v Investigate fabrication tolerances

v Perform sensitivity analysis

MMI Internal Field (S patial Distribution)
for "TE" mode at frequency 193.41 THz
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Designing PICs for Free Space Optical Systems




Frequency-Modulated Continuous Wave LIiDAR System

VPIphotonics R—

DESIGN AUTOMATION SCHEMATIC PARAMETERS: Free Space o
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“VPIpho’ronics Frequency-Modulated Continuous Wave LiDAR System

Target *

: Free Space
SCHEMATIC PARAMETERS: —_
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) Sampled-Grating Distributed Bragg Reflector Laser for
Vp|phD1'DﬂIES Frequency-Modulated Continuous Wave LIDAR System
This demo shows a sampled-grating distributed Bragg reflector (SG-DBR) laser used for frequency-modulated continuous wave (FMCW) LiDAR systems. It illustrates one of the

challenges in developing a functional FMCW LIDAR - the residual nonlinearity of the laser, and demonstrates how digital predistortion can help mitigate this effect. To learn more about
FMCW LiDAR, please check the application example [1].
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Integrated Tx oo rlE e e e Rlele e FreeSpace Person\Object
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“Vplphn’rnnics

Sampled-Grating Distributed Bragg Reflector Laser for
Frequency-Modulated Continuous Wave LIDAR System

This demo shows a sampled-grating distributed Bragg reflector (SG-DBR) laser used for frequency-modulated continuous wave (FMCW) LiDAR systems. It illustrates one of the

challenges in developing a functional FMCW LIDAR - the residual nonlinearity of the laser, and demonstrates how digital predistortion can help mitigate this effect. To learn more about

FMCW LiDAR, please check the application example [1].
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Detection & Analysis

System-level mitigation

strategies can be explored

to compensate for PIC-
based impairments




Designing a PIC Transmitter for QKD Systems




VPItransmissionMaker Optical Systems
classical system simulation environment

Simulation Tool for QKD Applications

together with

\ | VPIphotonics Design Suite 10.0 B339 x64 (release/DS100) [05, QKD]
Home | Tools  Graphics

= %y akp

=) [l Module Library
[ Analyzers
[ caTvV

This schematic demonstrates coesxstence of Gaussian CV-QKD and two times four classical channels. The classical chann:
1 Modules Before transmission through the fiber, the Gaussian CV-QKD signal is up-sampled to have the same bandwidth as each of the two 4-channel classical bands, to meet the requ
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[0 Instrumentation
[ Electrical Amplifiers

s TV-6D aramitar
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(2] Electrical Sources l
e
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B g gl ]

Optical Spectrum: Combined QKD and classical

[E=8 EoR ==

\

classical channels

quantum channel

Raman noise floor

[ Fibers
71 Information & Coding — —— —
[ Laser Sections m"% LA —— Q"""""*{—'
(1 Math Functions
[ Network Elements Fr—tor
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[ Optical Sources 1 Run
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..... mm Bl vanag -40
O Chanr Estimatar CW-0KD wtmn e T LT g recol
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-120 J
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VPItoolkit QKD
for system-level CV/DV-QKD simulations

provides models for QKD transmitter/receiver,
parameter and secret key rate estimation,
and application examples.

v

System design:
various implementation options for QKD systems and
sub-systems

Study of co-existence scenarios:
Raman scattering, cross-talk from classical channels, etc.

Account for component imperfections:
thermal and quantization noise, RIN, phase noise, biased
beam splitting ratios, dark count rates, after pulsing, etc.

Optimization of system parameters:
modulation amplitude, photons per pulse, filter
bandwidth, BB84 basis probability, symbol rate, etc.

Estimation of performance criteria:
max possible secret key rate, transmission distance, etc.
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“Vpujhgfonics Example: Critical Building Blocks for DV-QKD

DESIGN AUTOMATION

DV-QKD Rx & Tx *= *L—Lﬂ DV-QKD symbol selection & post processing
- Diff. phase shift (DPS) prgom e « Random number generator @-»
« BB84-like with decoy m‘%t 38%: for (T12-like) BB84 protocols |3 Siter Siter
— Polarization encoding _prgwm — . — -
— Phase/time encoding B?ih”’g B?ﬁhﬁ * Sifters
- T12 e -
. COW "?% 35?: « Secret fraction estimator for T12 DV-QKD :ta iR
DV-QKD detector: SPAD SPAD model includes: Analysing time stamps
Input: Optical signal — Dead time Input: Time stamps ]
Output: Time stamps — Gaussian timing jitter Output: “click” / ”no click’ |LL L
— Exponential timing jitter for each symbol time bin
SPCM = — After-pulsing
— Dark counts Acceptance window can be reduced for better
— Gating dark count suppression.
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Weak-coherent Source for QKD Systems

B8 UNIQORN

Differential Phase Shift Transmitter Structure

(‘wg TU/ E’EE%E&';" Coh State => Phase E} Pulse E} Optical E} Transmitter
Source Modulator Carver Attenuator output
veisewe | o [ & g
> |L ¢ Al
s I El%j@ﬁ@l@l%jg - | ‘ ‘
AN X DBR A — -ExperimentTU/e
Coherent State Source (Tunable Laser Diode) g 0.8/~ VPI Simulation
£ 067 L-l curve
£
Zo04f
=]
S
£ 02
0 | | .
0 10 20 30 40 50
Is4 [MA]

*developed by TU/e for SMART Photonics’ InP-based PIC foundry process

General-purpose circuit simulator, SMART PDK library + custom PDK BBs
= Virtual testbed for laser characterization and design optimization
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Weak-coherent Source for QKD Systems

Differential Phase Shift Transmitter Structure

Coh State
Source

=

Phase
Modulator

=

Pulse
Carver

=)

Optical
Attenuator

ﬁ? Transmitter

output

TLD
D e s et o, T
g--[g]-e S
PC
<t e — N\ v
m] _ [Sm’.
/E % E\ _*;VOA
@l o om
A /.E-—%——E\ L‘
) S IR S -
(. er
’:‘ ~75dB loss
m T T N
;-—-m \'\E —E/ m._@

TLD: Tunable Laser Diode
PM: Phase Modulator

PC: Pulse Carver

VOA: Variable Optical Attenuator

Realistic DPS Tx with laser RIN & phase noise

Eye Diagram

Power [pW]

90
~0.62 photons/ns
0 .
05 1

Tlme [ns]

25

-80

Optical Spectrum

-100 |

=120

Power [dBm]

-140 |

-160

193.56 THz l

193.1

Frequency [THz]

General-purpose circuit simulator, SMART PDK library + custom PDK BBs
= Virtual testbed for PIC characterization and design optimization
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Weak-coherent Source for QKD Systems

Differential Phase Shift Transmitter Structure

Coh State
Source

=

Modulator

Phase

=

Optical

Pulse i
Attenuator

i Transmitter
Carver

output

K4

A

~75dB loss

W

Y

m

gaiaa i
geiars

Phase [deg]

TLD: Tunable Laser Diode
PM: Phase Modulator

PC: Pulse Carver
VOA: Variable Optical Attenuator

320

Realistic DPS Tx with laser RIN & phase noise

300

2501

200

150 |

105

100

150

Phase
Eel ([T —y IQ-Plot )
' ” - + Case A: PM with
\ 180° phase shift
0% }  (Case B: PM with
\ : 175° phase shift
| “Wh -
v v 125 0 1e-5
200 250 300
Time [ns]

General-purpose circuit simulator, SMART PDK library + custom PDK BBs
= Virtual testbed for PIC characterization and design optimization
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DESIGN AUTOMATION

“Vplphofonics Discrete Variable QKD System Scenario

- UNIDORN Output of DPS-Tx circuit-level simulation

£ TU/e applied in DV-QKD system-level evaluation
320 Phase
300 ' | r | ll 1e-5 . |Q-Plot
F
= @ 250/ X
' g f
W< B L= ) H
= @ 200 -4
. 150 MN- m e Rl
= — = I ' " v -1e-5 0 1e-5
&7 100 150 200 250 300
ﬁ Time [ns]
Erl L\ ﬁﬂh Balanced Rx
- R = , T ”1 AL with SPADs
— P — 3 . ReadFromifile — = PM gj D&vf{'(; — f
- = g*f(M)ﬁ'L[ e DﬁB it mmad T | o [
@J PYTHON nPk M PackBigtRE - it e PYS— D
V—‘ @1 ‘ Em?oll;ﬁmhgém:r \i
C & alt :
= = =) Al bit +>—[ A:E:
mi m:; ces o \:d_l;‘.la FloatTolnt acﬁ PRES Fark OUtpUtS BOb'S and Alice‘s b]tS
+ — — . when en/decoding bases match
@ en/decoding bases, and only one click from both SPADs

intensity labels
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Output of DPS-Tx circui

t-level simulation

applied in DV-QKD system-level evaluation

Realistic DPS Tx

- laser RIN & phase noise

- tuned PM with 180° or
detuned PM with 1759

Ideal DPS Tx
- no laser RIN or phase noise
- tuned PM with 1800

Lq\

Discrete Variable QKD System Scenario

System-level simulation results
(for Link loss of 4dB)

DPS Tx modeling QBER [%] QBER [%]
(DCR=0 Hz) | (DCR=100 kHz)
Ideal 0 0.12
Tuned Realistic 0.09 0.20
Detuned Realistic 0.17 0.35

Balanced Rx
with SPADs

> |I/0

ReadFromffile

]

DV-QKD

TGS

fVRE

g

fMﬁﬁﬂﬂ

Alice’s bits Dﬁ

nnnnn ph de]

|

—

Wit
I ’Tl] ‘ alt
PRBS
FloatTolnt ackint M

adData
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Fark

en/decoding bases,
intensity labels

DCR - dark count rate

g

Sifter

inplﬂ, 1011010

hgé"P“'

—lrﬂ 01?0%]%] 0)

T

Outputs Bob's and Alice's bits
when en/decoding bases match
and only one click from both SPADs
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Designing PICs for Datacom/Telecom




VP|p otonics Designing PICs for Datacom/Telecom

ESIGN AUTOMATION

100 Gb/s PAM-4 Link with Silicon Photonics Microring Modulator

Title = Electrical Title = Optical

Title = Title = After
Tx_El PAM_M  Driver Signal Madulated SCHEMATIC PARAMETERS: Before Equalization  AnalyzerPAM_EI
Signal .. Equalization
— — EmissionFrequency = ¢/1290e-S Hz — — - . > f /19/
Qi [l FiberLength = 20e3 m VK1l o =) Pl e gu B rmggﬁ) —=
FAVAR FAVAR SymbolRate = 53.12e9 Baud FAYAN FAVAR e
ScaleSignal
SMF }-— 2D
5 O 00 g P N A (O [ O TR s Ml
bw R Ei&irical Reddzs Fork I:F: Fork s,.nbﬁ/ﬂ ; Title = SER
LaserCW  ModulatorMicroRi Photodiod FilterEl  ClockR _"_ =
aser odulatorMicroRing otodiode ilter ockRecovery EqualizerFFE_DFE: BER Multilevel
| ————— FilterType = FFE

e \B

Title = TDECQ

Circuit-Level MRM model

TDEC_Meter

Modulator /rj' ’

Junctions

Y
&
Si Heater =m
i
*
* ¢
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Hierarchical design workflow
hides complexity and allows for

physical modeling of PIC
components

| A
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VPIphotonic

DESIGN AUTOMATION

100G MRM-Based PAM4 Link

Simulation Results for Variable Fiber Lengths and Amplitude Levels

m Electrical Driver Signal

EI@ m EBefore Equalization

Modulation Signal

Recefved Signaf Before FFE

[= == | [aleors (=@ =]

PDFs and Thresholds used for SER estimation.
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g 8
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10 15 z0 25 30 35 40 45 i0 15 z0 25 a0 35 40 45 le-5 4e-5 Ge-5 8e-3 le-4 1.3e-4
Tirme [ps] Tirme [ps] Amplitude
[&] Optical Modulated Signal EI@ [] Ater Equalization E=nESR "=} RE E EI@
Received Signal After FFE SER vs Fiber length
1.3e-4 0.1
1.20-2 0 le 4
le-a-
le-4 le-8 -
= le-10
= &,
z 5 2e-5 le-12 -
£ = rle-14
) ol o
g Tuw G5 le-164
.8 e-
& = 1e-16 -
@
@ le-20 -
4a-5 —&— Equidistant voltage levels
le—22 4 .
—¥— MNon-equidistant voltage levels
le-24
Z2e-3 le-26
le-34 — e L R T 3 ; | 3.287e-29-1 ¥ ! ! !
10 135 z0 B3 30 33 40 45 14.55 Z0 23 30.45
Time [ps] Time [ps] Fiber length (km})
[CJ6rowse by: Mﬂdelswngla j R'—""5|8 | SfEDD DE‘EY CJrun  [me 40 » w Sync Browsing: On
[mane | 1 [ 2 I 3 4 I [ 6 [ 7 [ 815 |
Equidist. Equidist. Equidist. Equidist. Non-Equidist. Non-Equidist. = Non-Equidist. Non-Equidist.

15 km 20 km 25 km
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15 km
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“Vplphofonics Contact us for a free demo or software evaluation!

DESIGN AUTOMATION

B chris.maloney@VPIphotonics.com e Integrated design workflow enables system-
X sales@VPIphotonics.com level validation for PIC designs

e |nvestigate the contribution of PIC impairments
on overall system metrics

e Library of over 800 examples allow for quick
Investigation of cutting edge designs for a wide
range of applications

We empower you to
define the cutting edge.
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