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LN moddlator

Low optical loss Wide transparency

Large diagonal y()
window (0.4 — 5.5 pym)

nonlinearity ~ 30 pm/V ~ 0.001 dB/cm
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Telecommunications Data centers/ Microwave photonics  Quantum/nonlinear
HPC photonics
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SiO2

T TiLiNbOs

Bulk (Ti:LiNbO,) devices: Thin-film LN devices:
* An ~ 0.02 (mode size ~ |0 ym) * Single-crystal LN on SiO, (LNOI)
* Bending radius~'cm scale * Submicron light confinement
* EO efficiency limited by large gap g * Bending radius ~ 50 ym

* Much better EO/nonlinear efficiency
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t SiO2

Thin-film LN devices:
* Single-crystal LN on SiO, (LNOI)

* Submicron light confinement

* Bending radius ~ 50 pm

* Much better EO/nonlinear efficiency

C. Wang & M. Zhang et al.
Nat. Commun. 10, 978 (2019)
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Monolithic approach:
* Non-trivial dry etching

* Take full advantage of the material-property, low-loss (once figured)

(a) (b) *
——— —

® LiNbOs SiO- M Si

SiN, chalcogenides etc.

Heterogeneous approach:

* No need for dry etching LN

* Potential compatibility with standard foundry processes UCSD CREOL
5
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» 4-inch LNOI waferprocess using UV Stepper
(at HKUST and CityU)
» 6 inch readily possible

» Q factors ~ 2 million (loss ~ 0.2 dB/cm) across the wafer

Transmission (a.u)
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Integrated LN modulator Voltage (V)

Co-propagatin o@'ansmission line and optical MZI

Voltage-length product ~ 2V-cm (Conventional LN MZM ~ 20 V-cm)
2cm 2> |V (CMOS level)

E/O bandwidth dependent on velocity matching & RF loss

C. Wang & M. Zhang et al. Nature 562, 101-104 (2018). 8
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RF/optic velocity matching

Gold

SiO2

T TiLiNDOs

Bulk LN modulators:
ere = 28, Eopt = 5
V,(RF) << v,(opt)

Buffer oxide layer for velocity matching
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C. Wang & M. Zhang et al. Nature 562, 101-104 (2018).
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Thin-film LN devices:

VP(RF) = vg(opt)

RF field mostly in buried oxide (g, = 4)
Velocity matching readily achievable!

DeviceL=5 mm

40 60
Frequency (GHz)

20

2.3V 80 GHz
4.4V 100 GHz
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LNOI-based EO modulators 09

=38V B, =33GH:

"= [0 5z |mou)

0 2 30 40 50
2016 Frequancy (GHz)
e T R 1
: (C} qumirlum. :
I Si‘i’z Out :
| i
: LN i B !
1 ¥
i d . I
H o Si0.
- S0l ! P ]
1 o : glll'i'r1 |
! I o R :
' Ny~ "gj WGs :
-
: of";F l
' 0" UCsSD |
: R Vos g 1_;1.-h’." B, . = 110 GHz :
' & B LY I
=2 b, I
: § Dyezazs b ® .n"ﬁs.".u%’.na Trragt e ann, o ag _q_.ﬂ,‘h',. ""ltbbpboﬂ-qu.ﬂ'.'b 4o auta :
I % g R o e A A i
I
| E * Measured — Calculated :
L T 20 40 50, &feo ] B0 100 110
i Frequancy (EHz) |
g N e s R e e i
Vo= 1.3Y BW, =29 GHz :
- 0 |
-} I
=10 :
% |
?.zn | :
e [
T -0 I
Del |
e aware 40 20 0 0 40 I
Frequency (GHz) |

Gity University
of Ii-g Kong
Department of Bectn'ml Engineering
Mnnphﬂtonics
Qﬂup

20 Device L = 5 mm
V=44V
8o :
A \‘""“\“’“-./M’-.
L" -3dB ;
P BW,, _ = 45 GHz
E &) 008 BW,,__ =80 GHz
a 8] Vime= 14V — VN
fitmn = 23V H03A
=10 20 40 GO0 B0 100
2018 Froquency (GHz)
________________________________________________ - |
1
d 1
{ ] ol G Grating coupler :
e e—— ]
= Inphassbranch g - :
MMI 1
i . E 1
— — _ Quatratura branch — :
B D3 — - :
DC2 — i
;
]
—_— lhm:\m :
0 110 Gbaud OPSK 80 Gbaud 160AM |
g . :
& = 13 mmT 4 g ; s f :
o . : i
1
i s Woinn= 18V BW, = 48 GHz i i
1 Lk - -t 1
Ve =31V BW.—;-...*‘E?;GHZ BER = 8.63 x 10°% BER =8.41 x 1[]-3 :
% ®m = w @ @ n -
2020 Fraquancy (Ghi) S un Yat-s én U |



Ci ty University

of Ii-g Kong

EHEHTHAZ Department DfBectan Engineering

Professional - Creative
For The World

Gmup

S Functional LNOI photonic devw Nurpm
P\

Kerr/EO comb generator Efficient wavelength converter
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» Microwave photonics: *

- “the use of optical devices and techniques nerate, manipulate,

”»

transport and measure high-speed RF S

- e.g.radio over fiber (RoF) link

Laser 7> jz —> RF output

EO mo u& Photodiode

&. Marpaung et al. Nat. Photonics 13, 80-90 (2019)

X

2/
Key: a @ulator with highly linear EO response
to faithfully convert microwave signals into optics
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» Ring-assisted'MZl modulator with high
linearity for RF-photonic applications

» Measured spurious-free dynamic range
(SEDR) ~ 120 dB-Hz*>

».«l18-dB improvement over reference MZI|
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H. Feng, K. Zhang et al. & C. Wang, arXiv:2202.12739. 13
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» Can LN modulators go even faster!?
|00, GHz

Previous devices q®— | —>  Future

|IEEE UHF L S C X Ku, K™Ka V W

Microwave :\‘j Millimeter-wave = Terahertz

300 MHz 1 GHz 3 GHz 10 GHz 30 GHz 100 GHz 300 GHz 1THz

Millimeter-wave (mmW) photonics:

For passenger privacy
Potential threat areas are presented to

‘scanner operator using a generic mannequin
that resembies a human outline.

Sources: LS. Transportation Security Agency, LiveScience.com, L-3 Security & Detection Systems, CNN
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» In-house measurement setup at State Key Lab of THz and Millimeter waves
» Electro-optic responses measured at frequencies tup to 330 GHz

» Sideband-to-carrier ratio vs. frequency measured using OSA

RF Multiplexer
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Polarization
Controller LN Chip under test
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» 3-dB bandwidth of 175 GHz and 6-dB bandwidth of 295 GHz (5.8 mm)
» RFV_=6.3V at 250 GHz (10.8 mm)

16 —
Length 5.8mm -~
14f * measurement
calculated

Length 5.8mm X
= measurement .
-10r caleulated =
_12 L M 5 N . M . 1 L M 2 " L 4 L a M a i N a a a i " 2 a 2 i
o 100 200 300 0 100 200 300
Frequency(GHz) Frequency(GHz)

ee+++  Direct EO measurement

— Calculated based on real EE measurement

Y. Zhang et al. manuscript in preparation
“Device fabrication courtesy to Dr. Linbo Shao 16
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Naturg 568, 373377 (2018)

Nat. Commun. 10, 978 (2019) ‘.
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Heterogeneous integrated

lasers/detectors
¢  Ghent/IMEC/Stanford
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Future of LNOI photonics

I—h”éh-performan_ce modulators

Nature 562, 101-104 (2018)

\  arXiv:2202.12739 i\ Photonics Res. 9,2319-2324 (2021)
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Low-loss passive comp‘\o.n. ts
Optica 4, 1536-1537 (2017)
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