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+ 2007 — 2009 Master degree on Telecommunications with distinction at Riga Technical University under
Prof. Girts lvanovs supervision, Latvia.

+ 2004 — 2007 Bachelor degree at Riga Technical University under Prof. Andris Ozols supervision.
Scholarship from Vitolu fonds supported by Academician Péteris BolSaitis.

+ 2001 -2004 Gymnasium of Kraslava, Latvia.
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+ 2018.12.09-2018.12.13 (5 days) Keysight Tecnologies, Germany ] g%gg > -V la b
* 2018.06.11-2018.06.25 (15 days) FOTON Institut, ENSSAT, France Q%%x%?"gsc A
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+ 2016.05.01-2016.06.13 and 2016.09.05-2016.09.16 (44 days) DTU Fotonik, Denmark

NN
+ 2015.05.01-2015.05.30 (30 days) KTH Royal Institute of Technology, Sweden . T
+ 2014.06.30-2014.07.31 (31 days) FOTON Institut, ENSSAT, France . l]]] e c -
+ 2012.01.15-2012.04.15 (90 days) DTU Fotonik, Denmark INSTITUT] GHENT
foton UNIVERSITY
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Motivation

From 1G to 800G in about 25 years
From 800 pdJ in 1G to 25 pdJ for 800G
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Co-packaged optics (CPO)
Near packaged optics (NPO)
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Po Dong, et al., OFC2022, p. M4H.1.
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On-off keying (OOK) 4 level pulse amplitude modulation (PAM4)
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Optical power (mW)

Externally Modulated Laser (EML) CSHERENT
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Wavelength (nm)

Intensity (mA)
Monolithically integrated
distributed feedback laser with
travelling wave electoabsorption
modulator (DFB-TWEAM)
with 1mm connector

Designed by KTH and manufactured by
KTH and Syntune, packaged by U?T

M. Chacinski, et al., IEEE/OSA J. Lightwave Technol. 27(16), 3410-3415 (2009).
0. Ozolins, et al., IEEE/OSA J. Lightwave Technol., invited paper, 35(6), 1174-1179, (2017).
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Random Bit Generation
(Mersenne Twister gen.)

————— Ve — — — =« We train the equalizer
| PAM Symbol Generation | \ith training sequences to
I_ _ (level (f'rfd_'on_) _ ! converge into the global
Digital Upsampling minimum. ,
(4 samples per symbol) Then we apply it to cross
B validation sequences.

Pulse Shaping
(Root Raised Cosine)

vy
Resampling
(to match 256 Gsal/s)

Digital Signal Processing (DSP) at TX and RX

!

Matched Filter
(Root Raised Cosine)

Y

Digital Upsampling
(16 samples per symbol)

Y

Clock Recovery
(Maximum Variance)

v

Decision Feedback
Equalizer

y

We use own developed DSP routines in MATLAB

BER counting
(compare to TX data)
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CLEO 2018
With EDFA, 0
Amps Tx=11dB, Rx =11 dB
ECOC 2019 107

With and without EDFA,
Amps Tx=11dB, Rx =11 dB

OFC pdp 2022
Without EDFA,

W
S
T

Amplitude response (dB)
)
o

Amps Tx =22 dB, Rx =22 dB ——120Gsa/s AWG and 160Gsa/s DSO
-40Q - |=—120GSa/s AWG and 256GSa/s DSO
OFC pdp 2023 —— 256G Sa/s AWG and 256GSa/s DSO
Without EDFA —256GSa/s AWG 1mm connector and 256GSa/s DSO
_, . _50 1 | | | |
Amps Tx = built in, Rx =11 dB 0 20 40 60 80 100

Frequency (GHz)

Tu3l.1 by Oskars Ozolins
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CLEO 2018

Link

Transmitter

92 GSals,

32 GHz

100 GHz

AWG

EML

—_
LTI}
GHENT
(b) UNIVERSITY
Receiver DSP
LPF (0.75-baudrate)
160 GSal/s,
EDFA 00 63 GHz Clock recovery
@D . = Hz FFE, DFE
1km | pQ—— V%A ] 5? _D_ DSO [ BER counting
7-core : 7
fiber | 65 GHz

1-0- 90Gbaud, no-post DFE
107 4~HE-90Gbaud, 33-FFT

3 —B-90Gbaud, 33-FFT&11-FBT
1—-O=-80Gbaud, no-post DFE
|-@®—80Gbaud, 33-FFT

N

O
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—©-80Gbaud, 33-FFT&11-FBT
T T T T T T T T T

% 6 4 2 0 2 4 6

Received power (dBm)

oo D

B\g 80 Gbaud PAM4 (d)
\Q after 1km fiber
- :—D Optical b2b \
1-O—Core 1 \ﬁ\
Core 2
1—V—Core 3 \ \w
Core 4 \ E
—(O— Core 5
1—%— Core 6 \
-—'O—C(')re7' ' ' ' ' |:| —
8 6 4 2 0 2 4 6 8 10 4}
Received power (dBm)
0. Ozolins et al., CLEO 2018, paper SM4C.4.
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ECOC 2019

AWG 100 GHz @ (1) without EDFA 100GHz DSO |[EPF (055 baudr)]
% DFB-TWEAM [Z760 meters; .. VOA | S:Z 6_5[G>H_ | Clock recovery |
120 GSa/s|5 GHz SSMF  i.iepFa7 i 7T PIN 250 215:3 GSals|l post-equalizer?
55 GHz 0.5 dBm (2) with EDFA 0 GHz [ BER counting |
g o (@)
o J T T T T T L |
g 57 1 10-1 '§ I | :IOOébauld PAM4I 3 mi[:;ﬁ, without post-equaliz.
0 calboted with & without EDFAJIS i iret ot et
g 45! up to 55 GHz 10 1 ®ga : -_ct>h 4(t)(l)5n[1),F?;tap FFT&6-tap FBT
% -20 - |—End-to-end system calibration o 3 :5.06-3 ] Y% ob2b, without post-equaliz.
0] —AWG response L 1 O - = OO 400m, without post-equaliz.
o -250 0 20 30 40 50 (a8} 3 E ob2b, 3-tap FFT&6-tap FBT
Frequency (GHZ) 1 0_4 _-—2 5e:4_ - e o6 j 400m, 3-tap FFT&6-tap FBT
69mV@0.5dBm 60mV@0dBm i So =
1 O 5 rrTr T rrTr vt r T r ot

BER=3.16e-04
(492 errors)

BER=4.52¢-03
(7028 errors)

-6-4-20246810

power
0. Ozolins et al.,

(dBm)

|
ECOC 2019, pp. 1-4
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OFC 2022 pdp

200 Gbaud OOK
60 GHz
(a) 17 degree C 22dB or
DSP brg=120mA 3.3 dBm 65GHz[  DSP
: Vean=1.6V 100 GHz 11dB i
AWG — DSO
256 GSals ‘Po L e [ ard L 256 GSals
65GHz | pyom. O sye | PN 110 GHz

DFE wi

—m— ob2b, 112 Gbaud PAM4
1E-5 4/—°—200m, 112 Gbaud PAM4
—v— 400m, 112 Gbaud PAM4|
—O— 600m, 112 Gbaud PAM4

10 8 6 -4 2 0 2 4
RX power (dBm)
(a)

0. Ozolins et al., OFC 2022, pdp paper Th4A.6.
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Sample rate range: 200 — 256 GSals
Bandwidth (-3 dB, incl. sinc roll-off): >75 GHz
Differential output amplitude: 5 Vpp

Improved AWG

RF Characteristics

Bandwidth (including sin(x)/x roll-off, measured
single-ended output, smoothed graph)

3 dB 75 GHz (typ)
6 dB 80 GHz (typ)
10 dB 90 GHz (typ)

Rise/fall time (20/80) 3 ps (meas)

Achievable output amplitudes with digital
correction enabled

128 GBd 3.0 Vpp, diff (meas)
144 GBd 2.5 Vpp, diff (meas)
160 GBd 2.0 Vpp, diff (meas)

e=s\|81998  e===|\|8199A

—

-
o

Power [dBm
ON DM O O

1
AN

0 20 40 60 80 100
Frequency [GHZ]
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OFC 2023 pdp

200Gbaud PAM4, ob2b
99FF-taps&99FB-taps

— s S

23Vpp 17 degree C Up to 256Gbaud 00K, ob2b + = = 4
@[ _DSP__] lpra=125mA 3.6, dBmM mDsP ] ‘
: Veay=1.6V 100 GHz l
we 14 et 2 () [>" psh o
256 GSals ~{ C-band EML oo T LY 256 GSals
1 mm s gvE | PIN 1mm | 410 GHz

——256Gbaud OOK

0 0 310Gbaud OOK
10 (¢ i |— 1606baud PAMs
- v

197Gbaud PAM4, 100m

—— 200Gbaud PAM4

E i
i—% 220 | 197Gbaud PAMA4 7 0 dB
g -30—% EML i 19 degree c I m 5 " - N - S 99FF-taps&99FB-taps
S 40 X > b - - A
L \ m = > < - 256Gbaud OOK, ob2b
o 3\ o = 1ppg+r= 59 mA ((‘)) e - - e e g
-60 : X " - A
1540 1541 1542 1543 — 0 (b) e
Wavelenght (nm) 2 S
256Gbaud OOK
-10 P |— 22460aud 00K 2’20
= 20 ( \” —— 116Gbaud PAM6 g
a AN /’ ‘ —— 145Gbaud PAM4| 2
S -30 A =40
= \ DMI =
o -40 VL B
2 =
o -50 ] |==——FEnd-to-end system calibration C-band EML
o~ \Aﬂ Fai ~-60 End-to-ond :zstim calibration O-band DML
60 P Yy
| = AWG response
-70 __ ’ £, o : : : : : : =
1312 1313 1314 20 40 60 80 100 E e = =
Wavelenght (nm) e S

Frequency (GHz)

77FF-taps&77FB-taps
145Gbaud PAM4, 6km 116Gbaud PAMG6, 6km

0. Ozolins et al., OFC 2023, pdp paper Th4B.2.
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Amps Tx=11dB, Rx =11 dB
ECOC 2019 107

With and without EDFA,
Amps Tx=11dB, Rx =11 dB

OFC pdp 2022
Without EDFA,

W
S
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Amplitude response (dB)
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Amps Tx =22 dB, Rx =22 dB ——120Gsa/s AWG and 160Gsa/s DSO
-40Q - |=—120GSa/s AWG and 256GSa/s DSO
OFC pdp 2023 —— 256G Sa/s AWG and 256GSa/s DSO
Without EDFA —256GSa/s AWG 1mm connector and 256GSa/s DSO
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Amps Tx = built in, Rx =11 dB 0 20 40 60 80 100

Frequency (GHz)

Tu3l.1 by Oskars Ozolins
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On-off keying (OOK)

Performance over the years toward 200 Gbps

107! =

(D] 2 o e li{\

+ 10~ {HD-FEC limit |

< e e e e e s e, L P el e et e

=107 N "

—

o \l

=107 _— \

) KR-FEC limit

= SsTrTs=-r=--r/=--T""-\""r0m==m"=-

o —

210 =
1074 E

—=l— 200 GBaud OOK woEDFA (256GSa/s), 55FF-taps & 13FB-taps 3

1 0 7 -l- 225 GBaud OOK onDFA (256GSa/s lmll) 99FF taps & 99FB taps ]

10 -8 -6

4

20 2 4 6 8 10

Received power (dBm)

Bit error rate

107

[ —
o O
&S

4 level pulse amplitude modulation (PAM4)
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—l— 80 Gbaud PAM4 (92GSa/s), 33FF-taps & 3FB-taps
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» We demonstrate optical amplification-free EML-based optical links.

» This paves the way for low lane count solutions towards 1.6 Tbps.
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We thank Ghen University for hostin first experiment. We also thank
Keysight Technologies in Boblingen, Germany for hosting last three

experiments and for loaning the Arbitrary Waveform Generator prototypes
and the Infinilum UXR-Series Oscilloscopes
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