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#SMATRIX MMI1x4

T(port1->port1) = 0.0003107964689502117;
T(port1->port2) = 0.21883528398098038;
T(port1->port3) = 0.2424987845519379; B
T(port1->port4) = 0.24249878456378737,
T(port1->port5) = 0.21883528398970601;
T(
T(

port2->port1) = 0.21821821167389227;
port2->port2) = 0.0009396225655342919;
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PDK Standardized

®y Infinera xPDK file format

Lion: X@

<bb name="myS0A">
<bbtypessoa</bbtype>
</bb>

<bb name="myParam">
<parameter name="MinL" type="int" min="1":5</parameter:

INTERNATIONAL <parameter name="MaxL" max="18@"> 5.8 </parameter:
<parameter name="RangeL™ min="1" max="18@": 5.8 </parameter:
. <parameter name="IntSet™ type="int" allowedValues="1 2 5 6 18":5</parameter:
L L I G E N T E C <parameter name="StringSet" type="string" allowedValues="al b2 c5 6 18">"c5"</parameter>
<parameter name="noexpr” type="double™ min="1"/3
= CSem s

http://www.pdaflow.org/xpdk/docu/xPDK_BB.php
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Generation of Custom PDKs

N
.+ Export Custom PDK -.,,
o B D - | WPhot _..»* Structure of the Custom PDK
Template PDK “" Home Tools G T Save CUStom PDK -’ \ S— 3 x
Resourcesﬁ . R T t J H Slie: Al @PDK DemoFab: Export in a project X ﬁl A ﬁ : ;‘ I
ﬁ‘ ﬁ‘ @ e e @E)‘ ort Destination project folder: ' '
7 [, v & Schematic P = @l PolyChrome_PDKs
5 “ SDX DemoFab Modules — A — % - Feom— C:\my_path\PolyChrome_PDKs |I + rd1550
Active |I» B3 New Frame '\lﬁ—@ [ Python Macro Shell Qﬂ edk name: = PDK HHI SiN1550
COUplEfS @8 Close All Visualizers o @ Configure Macros B POK Moy PDK HHI SiN1 55(17 h demos
] Elastic Export SSON l | - = modules
T bl update_demos] < Bacl D Active
V&J::eqzides s i ’ — ik Eaace l Couplers
ML Framework Elastic
PDK DemoFab 4 Check/Update PDK Config ’i == PonChrome Berlin Tunable
PDP\‘ HHI » Layout View i mm= ¥ Photonics for Sensing Waveguides
PDK HHI PolyBoard L Run Resolving Elastic l
PDI\' e h Export Custom PDK L‘
. . . pic PHOTONIC
Custom PDK contains: Main advantages: TR RIS fEsno i 202
v Module templates and basic demos v IP protection
: .
v' Exemplary layout templates v Flexible development process —
i By mas O
v" Generic PDK toolbars and macros v' Easy to share - e s g

» Layout/GDS export
* Elastic connectors

« Arbitrary and relative port locations
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Design parameters of a 2x2 MMI

Typical PDK BB Modified PDK BB

X%
L] 50% X
Lo A MMI2x2 N i MMI2x2 I
N 50% 100%-X%

Iy, hy, b, e

y

all geometrical parameters different geometry
fixed for optimal 50-50 splitting - custom BB
Material properties

(tolerances in dopants, ...) . _*

portl port3
Bidirectional Bidirectional
ports ports

port2 port4
0.5 Optical Spectrum . S_ MatrIX .
0.4
- \\_\\\“ﬁ SmatrixMeasuredOpt:
3 0-3 v" Reads and processes
o ] W_MMI =48 pum N .
£ — W -soum parametrized S-matrices
L2 — 0 MM = 5.0 pm
v Uses advanced
o1 interpolation algorithms
1.5 1.52 1.54 1.56 1.58 1.6

Wavelength [pm]
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Smatrix Measured - Custom BBs

# SMatrix SmatrixMeasuredOpt

# NumberOfinputPorts 4
# NumberOfQutputPorts 4

# Parameters Width = 4.8 (um)

# InputPort port3 TE

# OutputPort port1 TE

# Frequency Magnitude Phase

# (THz) () (Deg)

183.10 0.49127902503548 60.570149218550
183.60 0.50185130061694 -7.5661370901476
184.10 0.51178863529888 -75.713559468762
184.60 0.52118313532610 -143.87102280548

# InputPort port3 T™M

# OutputPort port1 TE

# Frequency Magnitude Phase

# (THz) () (Deg)

183.10 0.18422126066422 88.307468393841
183.60 0.18239678551210 17.417950211860
184.10 0.18082166646617 -53.512096209379
184.60 0.17945228801598 -124.53330273974

# InputPort port4 TE
# OutputPort port1 TE
# Frequency Magnitude Phase

# (THz) () (Deg)
183.10 0.55251827639418 -59.451676773031
183.60 0.54641669678655 -126.85088604107

184.10 0.53982168310868 165.86419392790
184.60 0.53302674809160 98.694746777617



i Examples of Custom PDKs

HHI PolyBoard_NIR PDK HHI SiN_NIR PDK
PolvCh Berli Waveguides Free Space Couplers Waveguides Active PolvCh Berli
% P:o'inic:(;g:gengasn o I . $ . / . J _= Pl?o‘ilcﬁic:?fgzgenzzg;n
WgStraight . ... . * w— i . Y

N N o o e
Ugroove RSN Srmight SINB00 i SN_SBend_SiNBoD | SiN_SupightTaper_SiNB0 EP

: + ‘ . / TFF_ 2ports MMI_tx2 Rp— ) / ’ . -

' wg hhi_SiN_Straight _SiN200 hhi_SiN_Arc_SiN200
WgCrossing . - * ] .
w4 _< . TFF_3ports : * :

hhi_SiN_SBend_SiN200 hhi_SiN_StraightTaper_SiN200
WgBend WgYBranch

:

hhi_SiN_GainChip

.
'R}

Couplers
.v‘ N
Tunable -A- .m, . . 'V-

. K : . ﬂ : Active MMI 2x2 m:sw_mmmw._m o hhi_SIN_MMIL2_SINBOO v2 @ . MO re
. m 3m3 N coming

MMI_1x4

3
E

TOS . H . TOS_VOA . E ) Y
L voer * =1

s —— . M . . 2 "
P Shifter TunableGrating Photodiode GainChip

hhi_SiN_XCouplerHighTol_SiNB0O N hhi_SIN_MMIZX2_SINBOO v2 A .

- s swm s s 2 soon... ©
CSEM LNOI PDK MIRPIC Ge-on-Si PDK

EEN]
(N

Waveguides Active Nonlinear Waveguides Couplers
? “ PN FW ?
FLEN L\\ — g S = Ry — e . J | -l <O
csem taper wg y  csem_afcbend  csem_sbend y phase Straight SW Taper SW Arc_SW EdgeCoupler SW EdgeCoupler RW
’ . ) mm—Eq Y _mod csem_SHG_module
. + . A Tunable . . . .
I \ OM-'M o I B .J I_I"‘II.. W G II!!!.. R
5 I . A Straight RW Taper RW  Arc RW i ot e s
csem_taper wg z csem crossing csem_sbend z | EO | . [ -] .
csem_thermal_shifter
Couplers MMIs DBRs AWGS
B o e > % - | =
y-dir ’ _grating_coupler y o oo coupler y . . : = MM . VM . ,
csem_mmiix2 y csem mmi2x2 y - - csem_dir_coupler_y csem_EO_ring_modulator -
s . . MMI1x2_SW MMI2x2_SwW /
2 ' . E ' ' '
Z-dlr | , ) m : : m : DBR_RW
. csem_EO_ring_modulator_add_drop| : : ||| Y | Wi .ty
nmi - csem_grating_coupler.z ‘ o MMI1x2_RW MMI2x2_RW AL
csem_mmitx2 z csem_mmi2x2_z csem_edge _coupler z csem_dir_coupler_z = =
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Custom-Process PDKs
Angle-Aware Waveguide

x — Circuit Simulation Layout Design
|—‘4 7] »ﬁ><>< J—L'—[ Schematic Capture | Automated Waveguide Routing,
incl. PDK BBs and elastic connectors resolving elastic connectors
Funclmpul eOpt M M gutomatic sillgnt 2 |
inO — (0,0’15) interoperability |
Simulation —————_————————
class angle_aware_wg(WgStraight): !
s Sweeps/Optimization/Yield/Tolerances layout export > DRC / LVS verification
neff = np.sin(self.angle)/10 ‘
Design Characteristics
260 Phase
v Support of anisotropic materials
) ) ) 300
v Effective index depends on the propagation angle _ — w0 A
2 — angle=
v Layout called silently to verify the port positions s b ;‘
. . . Z — angle =77° |/
and extract the propagation direction = L '
v" Module can read function dependences or |
measured data 1?552 15522 15524 15526 15528 1553

Copyright VPIphotonics. All rights reserved.
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FLENA

Second Harmonic Generation and Sum Frequency Generation
of multiple CW Lasers with a PPLN Waveguide

&

cw

f1=193.5THz - 0.25 THz

EmissionFrequency = 193.25e12 Hz
AveragePower = 100e-3 W

SimulationBandDefinition = FreeParameter
SimulationBandCenterFreq = 193.5e12 Hz

*Jv

cwW

f2=193.5THz + 0.25 THz

EmissionFrequency = 193.75¢12 Hz
AveragePower = 100e-3'W

SimulationBandDefinition = FreeParameter
SimulationBandCenterFreq = 193 5e12 Hz

Fundamental wave spectrum

—

deal

oRili

Fork

Ideal multiplexing of
both laser signals.

Power [dBm]

30
f1 f2
£
s
5,
= =30
o
;
(o]
o M“
-60 -
[— Input wave |
-90 |
192 192.5 193 193.5 194 194.5 195
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Frequency [THz]

H
Length = PPLN_length m

T

FAVAN

Xl

TargetFrequency = 193.5e12 Hz

ModelType = BroadbandWithoutDepletion

PPLN module
See Attachments/Help.pdf
for a description.

Second harmonic spectrum

FAVAN

Custom-Process PDKs
Periodically Poled Lithium Niobate Waveguide

y [um]

30
f1+f2
2*f1 2*f2

0
-30
-60
-90 !

384 386 388 389 390

Frequency [THZ]

x [um]

PPLN waveguide information:

Waveguide geometry:
width 1800 nm

film thickness 270 nm
ridge height 300 nm



otonics EL EN !\\ Second Harmonic Generation

“ElRgR o AT O of Dual-Parallel MZM-Based PAM4

Output signal

1011 N\I . . .
O — i
Ay ;
PPIN W  [= ~ ,.\
cw \ / ; n i
1 2
Lol =
= = /
OOK Q_ _
1011—DMI g . /‘
Timee e & ¢ & : |"w I I

v' Psy~Prw* behaviour Inpu% i

v" Amplitude levels are distorted
v" Signal information remains intact

< aw

Input power (FW) =

Copyright VPIphotonics. All rights reserved.



compensate 90
mQAM PPLN and low SH

i iv

ModulationFormat = mQAM PhaseShift = -90 deg

LaserAveragePower = 10e-3 W ModelType = BroadbandWithoutDepletion
ChannelLabel = ch0

Second Harmonic Generation

phase shift
power

deal
Gain =43 dB
NoiseFigure = 0 dB

v mQAM signals are modulated in amplitude and phase!

v E=({+1iQ)expiwt = (Rexpi¢p) expiwt
> E? = (R?expi2¢) expi2wt
(phase doubled!)
v" Symbols overlap = information destroyed!

v If SHG shall be applied to QAM-Signals, predistortion

is necessary (,/E)

Copyright VPIphotonics. All rights reserved.

of mQAM Signals

mQAM

eIt

BER

ConstellationAlignment = Off
SampleType = Relative
ClockRecovery = Off
EmissionFrequency = 2*193.1e12 Hz
AveragePower = 1W

ChannelLabel = ch0

211, Signal Constellation

-2.13 : 3 ‘ ‘
-2.12 -1 0 1 212




“\/pm otonic Advanced Visualization Macros

el T 0 HATION Visualize PhotonicsTLM Structure

EAM Integrated
DBR Laser Solution:

v advanced visualization macro
v'  edit the array parameters in the macro window
v select and work with individual device sections and interfaces

¥ A

PhotonicsTLM
NumberOfDeviceSections = 6
DeviceSectionTypeDetailed = Passive[2] Active[1] Passive[1] Active[1] EAM[1] Home

|§|Visua\ize PhotonicsTLM Structure - u] X

v Design of multi-section structures with
« active medium types: Bulk or MQW
- different device sections: active, passive, EAM

« complex gain models Optca Parameters 2
. . Lo InterfaceReflectionCoefficient [0 | o ] 3
« detailed grating definitions eoceecionphascten [0 ® | ae s
. . . o o . . InterfaceTransmissionPhase 0 ‘ ID ] deg S
v" Bidirectional optical signal transmission
\/ Nonlinear effects (Kerr, TPA) e — { ‘; e £ "okt R =InterfaceﬂeflectilonCoefﬁcient
/] — [ =Interfacekeflectuf)nl?haseLeﬂ
v' Linewidth, chirp, spatial hole burning, and many more... . o merceTrensmissionPhase
£ o ~— ~— Prgme = 200 = Pup*
Challenge: accurate modeling of complex multi-section S .
devices may require a lot of parameters to be defined [ ret ] [ ey ncd | [ |

Copyright VPIphotonics. All rights reserved. 10



TestSetAmp TestSet
TestSetAmplifier TestSetJonesMatrix
RIN
i
k‘ E - v,
RIN_Analyzer TestSetModulator
Fhath AyzerEl
SignalAnalyzerEl SpectrumAnalyzer
FSR(wl) > g wi—»
»— — NgrTEF
Ngr(wl) > 9 T
FSR_Ngr_extractor Wg Ngr extract

Copyright VPIphotonics. All rights reserved.

TestSetSOA_vimgl:
RunsTolgnore =1
RunsToAnalyze = 3
CalculateGain = On
CalculateMoiseFigure = On
InputSignalPowers = -10.0 (dBm)

InjectionCurrents = 0.02:0.01:0.2 (A)
SaveToFile = On
FileName = SOA_characteristics.dat

InputSignalFrequencies = 193.1e12 (Hz)

~

FSR(wl)
Ngr{wi)

-
1
;QI

2t

g

" i
Ngr!

& ™ ;

characteristics

Advanced Testing Modules

Gain
26
m 204
o
@
£
-1 T i i i T i i i
-21 0 17
Power [dBm)]
7 Noise Figure
.
% i /MM
@
=i
g B
4 T T T T T T T T
-21 4] 17
Power [dBm]

Waveguide Group Index

4.34
1.51e-6

1.55e-6
Wavelength [m]

1.5973e-6

v Powerful tools for the simulation control and optimization
v" Advanced testing modules to extract various device and circuit

11




Summary

v Custom PDK integration framework Build your PDKs with us!
= Easy to build, use, and share PDKs == ||= L I =
= Protect your IP without losing design flexibility AL L || = LD A =
v' Advanced simulation modules to empower e
your PIC design workflow from devices up to = g i
complete systems e » a e

v Powerful tools for the simulation control,
design characterization, and results analysis

Visit our team in the exhibition hall and

discuss your design requirements with us!
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