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Summary

Wafer manufacturing

ĊCurrently available wafer manufacturer is NanoLN in China

TFLN chip manufacturing

ĊNeed for a stable and reproducible foundry

ĊHow to validate the standard components
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Why Thin Film Lithium Niobate

Lithium Niobate : a very well know  material

Extensively used today 

Ċ but Titanium ion diffusion or proton exchange technics lead to small difference of the index of refraction between the inner and

outer parts of the waveguide

Ċ large radius of curvature, long modulator for low driving voltages
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Wafer manufacturing

Wafer stack
675 µm Si substrate (CEA -LETI)

High resistivity for RF applications

4.7 µm SiO2 box

Thin Film Lithium Niobate 600nm

Done by CEA-LETIin ELENA, further developed in the

PEPRNanoFiLN

ĊTests with reference structures at ETHZ: same optical

lossesand Vp(DC) than with NanoLN wafers

Commercialization by SOITEC
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TFLN circuit manufacturing: CSEM

CSEM stack

Cladding very important for complex PIC architecture

Ċelectric line above waveguides, 

Ċcrossing of metallic lines (difficult to avoid when pads on the edge)

MET2: top gold electrodes
800 nm thick

Cladding (SiO 2)

780 nm photonic layer 1550 nm photonic layer

MET1 

Box SiO24.7 µm

4.7 µm
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TFLN circuit manufacturing: CSEM

Single mode guide: 600 nm wide, 0.6 to 0.8 

dB/cm

Multimode guide >800 nm, <0.2 dB/cm

Because of the trapezoidal shape of the

waveguide and birefringence of LN, careful

design for correct polarization management

WG width = 0.6 µm WG width = 0.8 µm
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TFLN circuit manufacturing: Process Design Kit (PDK)

Double taper layer edge coupler: <2dB per facet

1x2, 2x2 MMI, directional couplers, waveguide crossing, Euler bends

PPLN with poling after waveguide patterning

ĊIssue to get full poling of the waveguide 

ĊPeriodicity of the structure highly depends on the local thickness of the 

Lithium Niobate
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GDS of a test chip 

TFLN circuit manufacturing: modulator

Sweep on the signal line width 

Gap adapted to maintain same 40 or 50 impedance

Measure of the S parameters
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Quality of gold deposition is important. 

ĊCladding process degrades the gold conductivity and increase the RF losses. Under investigation

TFLN circuit manufacturing: modulator

No cladding : good as same

resistivity than bulk gold

Cladding : not so good almost

twice resistivity than bulk gold
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Reflection power coefficient ╢

10

40 ohms 50 ohms 
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RF impedance : OK and no influence of the cladding
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Signal width/impedance

M7  : 12.8 µm long/50 W

M8  : 14.6µm long/50 W

M9  : 16.5 µm long/50 W

M4  : 42 µm long/40 W

M5  : 50 µm long/40 W

M6  : 58 µm long/40 W

M10: 12.8 µm short/50W

M11: 14.5 µm short/50W

M12: 16.5 µm short/50W

M1  : 42 µm short/40W

M2  : 50 µm short/40W

M3  : 58 µm short/40W

Cladding

Cladding

No cladding No cladding
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Transmission power coefficient ╢

12

40 ohms 50 ohms 

-3dB

EE bandwidth å70GHz

-3 dB

EE bandwidth > 70GHz
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TFLN: modulator design: effect of cladding and signal width

Larger signal width leads to lower losses but EO trade off because gap increases to keep 50Wimpedance

Gold conductivity impacts RF losses

M7  : 12.8 µm 
M8  : 14.6µm 
M9  : 16.5 µm 
M4  : 42 µm 
M5  : 50 µm 
M6  : 58 µm

No cladding: r=2.5 x 10-8Wm -1 

Cladding: r=4.3 x 10-8Wm -1 

Behavior in █╡╕: signature of skin effect. Gold layer too thin
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Modulator EO characterization with an Optical Spectrum Analyzer 

Methodology : extract from ratio of optical

power of the first sideband to carrier

Ċ ratio proportional to ╙ ╙

Ċὠ : driving voltage of the modulator related to applied RF

power by ὠ ÐÅÁËÐÅÁËςςυπɇὖ
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Modulator with 8 mm long

Several measurements for each frequency by

varying applied RFpower
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Fit of ὐversus RFVoltage peak -peak : ὠ (peak)= 7.7 V

Fit of ὐversusRFVoltagepeakĭpeak:ὠ (peak ) = 7.1V

òRealóapplied peak -peak voltage

Measurements with OSA at 5GHz

15
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Bandwidth: Vpis doubled from low frequency values
Ċwhich one ? DC? 

Bandwidth >40GHz but our equipment not adapted for such high bandwidth: 
ĊProbe (cable should be OK)

ĊVNA power 

Vpmeasured with OSA versus RF  frequency

16
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Low Vpi (DC) modulator

Crossing of optical waveguide to compensate for the change 

of sign of the EO effect

20GHz EE bandwidth

Della Torre, A., Dubois, F., Zarebidaki, H., Volpini, A., Leo, J., Mettraux, A., ... & Sattari, H. 

(2025). Folded electro-optical modulators operating at CMOS voltage level in a thin-film 

lithium niobate foundry process. Optics Express, 33(4), 6747-6757.
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How to validate directional couplers

•

‖
•

‖

Bar
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‖and ‖ȡintensity cross-coupling coefficients
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Two identical couplers not 50/50: ⱥ ⱥ ⱥ
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Two methods to calculate ‖

Check reproducibility of edge -couplers
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Results for chip 2023 Run1 C1 CH27 (Bar) Power(W) function of wavelength (nm) 
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35 µm

70 µm 87.5 µm 122.5 µm

52.5 µm 61.25 µm

Bar TE Bar TM
25.10-5

20.10-5 25.10-5

20.10-5 20.10-5 25.10-5
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Results for chip 2023 Run1 C1 CH27 (Cross): Power(W ) function of wavelength (nm) 
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70 µm 87.5 µm 122.5 µm

61.25 µm

Cross TE Cross TM

35 µm 52.5 µm

2.10-517.5.10
-5

25.10-5

25.10-520.10-516.10-5
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Intensity cross coupling coefficient versus length

Identical curve using
ϳ

ϳ

With this fit, 50/50 should be

around L=55 µm
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Thermo-optic phase shifters

23

Å4 identical MZI

ÅMMI 1x2 7

Å0.6, 1 or 4 µm width metal line

ÅEdge coupler

ÅTrenches

ÅHeater on both sides of the 

optical waveguides

ÅHeater Length = 2x11x 3.7 mm

ÅCladded
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Characterization of the gold deposition

Tabulated gold resistivity :” ςȢυɇρπ ɱά
Measured resistivity :” υȢυɇρπ ɱά
Cladding deposition method deteriorates the
resistivity (also check with RFlines)
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Ppmeasurement with heaters connected in parallel at 1560 nm

0 rad

(19.2 V, 12.35 mA)

prad

(27.8V, 19 mA)

2prad

(33.8V, 22.8 mA )

3prad

(39.1V, 26 mA)
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Adressed in ELENA/PATTERN but not presented

CNRS developments on acoustic wave on TFLN and

magneto -optic isolator

Photonic wire bonding of TFLNchip to fiber array or InP

gain section

µtransfer printing of InP gain section

RFpackaging aiming at more than 100GHz
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Transfer of CSEM technology to


