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High refractive index Large diagonal x@ Wide transparency
~2.2 nonlinearity ~ 30 pm/V window (0.4 — 5.5 um)

P =¢goxE + goxPE* + ggx®E3 + -

)((2) is essential for: In Vf o, d
* low-loss, highly linear, electro-optic (EO) .
modulation . r
: 50/50 Mach- 50/50
- EO frequency comb generation Directional  Zehnder  Disectional

Coupler  Interferometer  Coupler
]

- frequency conversion (e.g. second
harmonic generation)

The problem: Lithium Niobate is inert & hard to etch, therefore
waveguides are defined by ion-indiffusion or proton exchange.

— small index contrast between core and cladding (~ 0.02)

— devices are bulky, non-scalable, expensive and require large
driving voltage!

lon-diffused core

Intact LN cladding
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Thin LN film on insulator wafers
produced by NanoLN company,
using smart cut process.

Device fabrication
* e-beam lithography

* reactive ion etching of LN
metal evaporation (contacts)

M. Zhang, et al.
Optica 4, 1536 (2017)

Issue: LN is hard to etch
= rough surfaces
= light scattering

C. Wang, et. al.
Opf. Exp., 26, 1547 (2018)

Optimized etch!
— Smooth sidewalls
— Low loss!
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Ultra-High Q Ring Resonator !

f,= 500 MHz

0571

i/2n = 38 MHz

Normalized Transmission

Q=10
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=

Glass

A = 1.55 um: A =630 nm:
cavity Q ~ 10,000,000 cavity Q ~ 11,000,000

waveguide loss ~ 0.03 dB/cm waveguide loss ~ 0.06 dB/cm

B. Desiatov et al, Opfica, é 380 (2019)
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O ool ocering Vision: Integrated Lithium Niobate Photonics
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Mod. Light Out

= RF terminate l
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Light In

Good overlap between Good EO efficiency MAtehedvy 55 VB &tyZof
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Vpp =200 mV
CMOS DAC i
70 Gbit/s
Light in
—
V._=60mV
pp

Electrical energy consumption:
~ 40 attoJoul / bit

| I
1 1
1 111 17} 1
1 1
1 1
| ]
1 1
| I
I I
: IIO " :
1 ]
1 1
| 1
1 1
1 ]
——————————————————————————————————— od
o T, E,EE,E__—_——_——— -
| 1
1 1
1 1
1 1
[ M-I I 1
1 1
1 1
1 1
! A" ]
I 0 I
| I
1 ]
1 1
1 ]
1 1
1 1
e e e s o e S S S o

C. Wang, M. Zhang et al, Nature, 562, 101 (2018) with Nokia Bell Labs (Peter Winzer & team)
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Comparison with Integrated Modulators

L This work
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C. Wang, M. Zhang et al, Nature, 562, 101 (2018)

Integrated LN modulator

Silicon Photonics
Nature Photonics 4, 518 (2010)

INP Photonics
JLT, 35, 1450 (2017)
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 Goal: remove signals from HV (300 kV) « Analog Encoding
plane at lower power cost « 1V pulse, 80 nsrise time, 1-2 us
« Use optical catrrier to transmit decay times
signals via fiber « Digital Encoding
« Liquid Ar low temperature * 60 MB/s

operation (-186 C)

Top CRPs

e

Bottom CRPs

Segreto, E. & Cavanna, F. , Vertical Drift Technical Review (2021)
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MZ1 Modulation

Grating Couplers
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Fiber array glued to modulator
« Glue fiber array onto device, -

submerge into liquid nitrogen and
see If transmission OK

« Modulator works down to 50 mK

* Norland Optical Adhesive +
Stycast Epoxy
« 5 dB/coupler loss at RT
« 45 dB loss in Liquid Nitrogen T Zoom of device
* Reversible on warm-up
« Ongoing Measurements:
« Optical characterization of
thermal-optic and
mechanical drift




=222 HARVARD

Prof. Marko Loncar
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Dr

John A. Paulson

saaotingreerns—— ACKNOWIledgements

and Applied Sciences

Cheng Wang (-> HK City U)
Mian Zhang (-> HyperLight)
Christian Reimer (-> HyperLight)
Boris Desiatov (-> Bar llan U)
Mengijie Yu

Di Zhu

Linbo Shao

David Barton

Jeff Holzgrafe (G4)
Eric Puma (G4)
Rebecca Cheng (G3)
Yaowen Hu (G3)

CJ Xin (G3)

Soumya Ghosh (G3)
Amirhassan Shams-Ansari (G3)
Hanna Warner (G1)
Lingyan He (-> HyperLight)
Tianhao Ren

Nokia Bell Labs
Peter Winzer

Xi Chen

S. Chandrasekhar

Caltech

Maria Spiropulu

HyperLight




