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94 Cornell NanoScale Facility

Fabrication of Far-Infrared Anti-reflective Metasurfaces and Sub-
wavelength Mirrors for Fabry Perots 

CNF Project Number: 2458-16, 3337-26
Principal Investigator(s): Gordon Stacey
User(s): Baird Bankovic

Affiliation(s): Department of Astronomy Cornell University, Fred Young Submilimeter Telescope, CCAT, POEMM, 
NASA Goddard

Primary Source(s) of Research Funding: Fred Young, National Science Foundation, NASA Goddard Space Flight
Contact: stacey@cornell.edu,  bdb98@cornell.edu
Primary CNF Tools Used: ASML PAS 5500, Heidelberg MLA 150 Maskless Aligner, Unaxis 770 Deep Silicon Etcher, 

Oxford 81/82 Etchers, General Material Anneal 1 Furnace, Odd Hour E-beam Evaporator

Abstract:
Here we fabricate high-performance cryogenic far-
infrared silicon-based optics for use in astronomical 

width of <2um with high yield. 

Summary of Research:

both of which share a similar goal of creating far-infrared 

project is fabrication of etalons for a scanning Fabry 
Perot, being installed on the Fred Young Submilimeter 

Project 1: The scanning Fabry Perot being used on 
FYST is made up of two silicon wafers with a gold 
mirror surface on 
one side, and a deep 
silicon etched anti-

on the other, shown 
in Figure 1. The anti-

interfaces result in 

metasurface allows 

fabrication steps to create these two-layer deep-silicon 
etched structures. 

need to be low-loss, we choose gold, the lowest loss 

structures on the surface of the silicon etalon, as seen in 
Figure 3. 

alignment at cryogenic temperatures. For these reasons, 
a solid-state spectrometer is appealing, particularly for 

mission is a ballon-borne 1.8m telescope using state-

comprised of a highly polished block of silicon, with 
metal mesh mirrors deposited on both sides of the block. 
Figure 4 shows an optical diagram of an integrated 

solid gold coating for 

while R2 is a tunable 

(similar to Figure 3). 

operate a shorter 

We therefore adopt a 
rounded metal mesh to 

Figure 1: (left) Fabry Perot cavity design (right) cross-sectioned deep silicon 
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Conclusions and Future Steps:

for use on the Fred Young Submilimeter 

due to the substrate’s abnormal thickness and 

step of the fabrication process. This is also 
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96 Cornell NanoScale Facility

On-chip Si3N4 Gyroscope Enhanced by Ultra-High Weak Value 
Amplification 

CNF Project Number: 2524-17
Principal Investigator(s): Jaime Cardenas
User(s): Yuhan Mei

Affiliation(s): Department of Physics and Astronomy, University of Rochester
Primary Source(s) of Research Funding: National Science Foundation
Contact: jaime.cardenas@rochester.edu, ymei7@ur.rochester.edu
Research Group Website: https://www.hajim.rochester.edu/optics/cardenas/
Primary CNF Tools Used: ASML stepper, Suss Gamma Resist Cluster, Oxford 100 Inductively coupled plasma reactive 

ion etching (ICP-RIE), Oxford 82, Oxford PECVD, Furnace B1, E4, AJA Sputter, SEM Gemini, Veeco Icon AFM, PT 
VLN Deep Silicon Etch 

Abstract:
We demonstrated that the performance of on-chip 
optical gyroscope can be addressed by applying weak 

Summary of Research:

controlling the attitude of satellites, modern society 
increasingly relies on gyroscopes that can precisely 
track motion in real time while being compact enough 

Sagnac interferometer coupled to a ring resonator (Fig 
1). The rotating ring resonator generates an optical 

Sagnac interferometer, so that the amount of detected 
light and the resulting shot noise are both reduced, while 
the detected signal intensity is maintained. Therefore, 

light participating in the phase sensing up to a point that 

phase without any phase bias used to operate at the 

enhanced gyro can be operated with a lower cost and 
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compatible silicon nitride platform. The fabrication 
 

2 layer 

structure lowers the light propagation loss and thus 
2 

3 4 layer 

related impurities. Then, we pattern the microheaters 

2 

Conclusions and Future Steps:

References:
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98 Cornell NanoScale Facility

Waveguide vs Quantum Well Emission in AlGaN-Based Deep-Ultraviolet 
LEDs on Bulk AlN Substrate

CNF Project Number: 2801-19
Principal Investigator(s): Debdeep Jena (primary); and Huili (Grace) Xing
User(s): Sheena (Hsin Wei) Huang

Affiliation(s): Electrical and Computer Engineering, Cornell University
Primary Source(s) of Research Funding: DARPA
Contact: djena@cornell.edu, hh494@cornell.edu
Research Group Website:  https://jena-xing.engineering.cornell.edu/ 
Primary CNF Tools Used: PT770 ICP-RIE, Oxford PE-ALD, E-beam evaporator, AS 200 I-line stepper, Heidelberg MLA, 

Ultra SEM, PE-CVD, Woollam RC2 ellipsometer. 

Abstract:

disinfection, and medical treatment. While electrically 

recombination transition using simulation. This study is 

Summary of Research:

the heterostructure were fabricated on the sample, with 

2(b). 
The room temperature electroluminescence spectra show 
that at low current density, the emission is dominated 

a small redshift, indicating minimal self-heating. The 

the dominant recombination region shifts from the 

4(c) is already high and weakly bias dependent. This 
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Conclusions and Future Steps:
References:
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100 Cornell NanoScale Facility

Programmable Poling for Electric Field Induced Second Harmonic 
Generation

CNF Project Number: 2971-21
Principal Investigator(s): Peter McMahon [1, 2] 
User(s): Benjamin Ash [1, 3], Ryotatsu Yanagimoto [1, 3], Mandar Sohoni [1] 

Affiliation(s): [1] School of Applied and Engineering Physics, Cornell University, Ithaca, NY 14853, USA; [2] Kavli 
Institute at Cornell for Nanoscale Science, Cornell University, Ithaca, NY 14853, USA; [3] NTT Physics and 
Informatics Laboratories, NTT Research, Inc., Sunnyvale, CA, USA (6)

Primary Source(s) of Research Funding: National Science Foundation (award CCF-1918549)  
Contact: pmcmahon@cornell.edu , ry338@cornell.edu, baa77@cornell.edu, mms477@cornell.edu 
Research Group Website: https://mcmahon.aep.cornell.edu 
Primary CNF Tools Used: Oxford PECVD, Oxford 100 ICP Dielectric, ASML DUV Stepper 

Abstract:

with purely linear optics. Traditionally, the function of 

potential applications of nonlinear optics in situations 

light sources, all-optical signal processing, and optical 
computation.

Summary of Research:
Lithography-free photonics has attracted considerable 

because the large number of programmable parameters 

can perform a large range of tasks and compensate for 

electrically in series, which allows spatially patterned 

concept, the core material can be replaced with silicon 
(2) during 

process.   This enables lithography-free programmable 
nonlinear photonics [3].

(2)

nonlinear optical processes in the spectral, spatial, 

highly multi-mode capabilities of programmable 
nonlinear optics to expand the capabilities of future 

 

2

2 as a hard mask and 

2 hard mask, followed by an etch of the 

2
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(2)

operating principle and potential tasks that a 
(2) enables.

Figure 2 shows some of the classical nonlinear 
processes that can all be accomplished on one 

which is limited by the laser implemented in 
these experiments. 

(2) can be extended to more 

use real-time experimental feedback to partition 

can be adapted to a broad bandwidth of pump 

matching distances.  Furthermore, we show that 
the phase-matching grating can be adapted to 

shows that, despite the lower magnitude of the 
(2) compared to existing platforms, 

(2)

can be augmented with complex nonlinear 
functionalities.

Acknowledgements:

Lucile Packard Foundation Fellowship. 

technical support. 

References:

period at each partition and 
(c) nonlinear transfer function 
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102 Cornell NanoScale Facility

Programmable Inverse-designed Devices

CNF Project Number: 2971-21
Principal Investigator(s): Peter McMahon [1, 2] 
User(s): Yiqi Zhao [1, 3], Ryotatsu Yanagimoto [1, 3], Benjamin Ash [1, 3]  

Affiliation(s): [1] School of Applied and Engineering Physics, Cornell University, Ithaca, NY 14853, USA; [2] Kavli 
Institute at Cornell for Nanoscale Science, Cornell University, Ithaca, NY 14853, USA; [3] NTT Physics and 
Informatics Laboratories, NTT Research, Inc., Sunnyvale, CA, USA (6)

Primary Source(s) of Research Funding: National Science Foundation (award CCF-1918549)  
Contact: pmcmahon@cornell.edu , yz2893@cornell.edu, ryotatsu.yanagimoto@ntt-research.com, baa77@cornell.edu 
Research Group Website: https://mcmahon.aep.cornell.edu  
Primary CNF Tools Used: Oxford PECVD, PVD75 Sputter, Disco Dicing Saw  

Abstract:

scale remains limited by discrepancies between 

optically controlled electro-optic modulation that 

need to fabricate a new nanostructure for each function 

multiplication. We also demonstrated in situ trained 

signals. Such a programmable platform could also enable 

Summary of Research:

from hand-designed components whose footprints, 

simulation followed by sophisticated cleanroom 

post-fabrication correction and limiting their ability to 
perform multiple or changing functions. 

as shown in Figure 1. Experimental measurements are 

physics-aware training, enabling the programmed index 

a single chip, it implements 4 × 4 and 8 × 8 mode 

photonic functions while reducing fabrication iterations 
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corresponding output intensity was measured, and 

function that promoted coupling to the desired output 
while suppressing the largest crosstalk channel. The 

The platform also reproduced ten independently trained 
random matrices, demonstrating that the same physical 

transformations.  

loss combined experimental performance measured at 

pattern to satisfy the target transformation at both 
spectral endpoints. This method was applied to random 
matrix generation, 4 × 4 and 8 × 8 mode permutations, 

at 1 nm resolution. The results are shown in Figure 3. 

digital model was trained using illumination patterns 

so that the programmed pattern simultaneously directed 

results are shown in Figure 4. The resulting two-channel 
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104 Cornell NanoScale Facility

Suspension Free Acousto-optic Modulator for Near Ultraviolet and 
Visible Wavelength

CNF Project Number: 2985-21
Principal Investigator(s): Karan Kartik Mehta (2) 
User(s): Oscar Jaramillo (1, 2), Hamim Mahmud Rivy (1)  

Affiliation(s): (1) School of Applied and Engineering Physics, Cornell University (2) School of Electrical and Computer 
Engineering, Cornell University

Primary Source(s) of Research Funding: NSF  
Contact: karanmehta@cornell.edu, oj43@cornell.edu, hr296@cornell.edu 
Research Group Website: https://sites.coecis.cornell.edu/mehta/   
Primary CNF Tools Used: Heidelberg Mask Writer - DWL2000, Heidelberg MLA 150 Maskless Aligner, ASML 

PAS 5500/300C DUV Wafer Stepper, Metricon, Zeiss Ultra SEM, PT770 Etcher, Woollam RC2 Spectroscopic 
Ellipsometer, AFM, Furnaces, Oxford PECVD, Keyence VHX-7100 Digital Microscope and Oxford FlexAL.   

Abstract:

free inter-modal acousto-optic modulator for light 

2) 2 3)

Summary of Research:

[2] and atomic physics. Their ability to modulate light 

times (tens of nanoseconds), high optical power 

inseparable component in atomic physics laboratories. 

scalability and compatibility with photonic integrated 

possibly incompatible with low temperature operation 
and limits integration with a cryogenic ion trap chip [3-

and fabrication processes, presents challenges for large-

the material platforms explored to date generally exhibit 

applications, including biochemical spectroscopy and 

surface and lateral acoustic guiding. 

2 2

2) 2 3)
2



1052025-2026 Research Accomplishments

O
P

TIC
S &

 O
P

TO
-ELEC

TR
O

N
IC

S

Conclusions and Future Steps:

References:

Kippenberg, T. J. Quantum-coherent coupling of a mechanical 

displacement of the Rayleigh mode along the y-direction, 
which shifts the top and bottom boundaries of the optical 

nm (optical modes are shown in Fig.2).  

2) 2 3)  composite on 
2 by atomic 

2 2

Fig. 2d.
The preliminary measurements of these fully fabricated 

prediction, possibly due to phase mismatch between 

below 3 mW under ideal phase-matched conditions. 

transducer design.  
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106 Cornell NanoScale Facility

Direct Growth of Crack-free Stoichiometric Silicon Nitride on Sapphire 
for Wide-band Photonics 

CNF Project Number: 3190-24
Principal Investigator(s): Xiyuan Lu 

Affiliation: University of Maryland College Park
Primary Source(s) of Research Funding: National Institute of Standards and Technology
Contact: xnl9@umd.edu 
Primary CNF Tools Used: LPCVD and Anneal Furnaces, Ellipsometry (WOOLLAM), Electron Beam Lithography (JEOL, 

Stepper (ASML), Reactive Ion Etcher (OXF80), Scanning Electron Microscope 

Abstract:

of our research on the growth of silicon nitride 

successfully demonstrated the deposition of crack-

applications.  

Summary of Research:
Silicon nitride on insulator structures has been a 

this stress. 

across wafers. 

by chemical mechanical polishing and often used in 
conjunction with tiling patterns for crack termination. 
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References:Temperature-dependent stress measurements for both 

the cracks. 

microring resonators illustrated the practicality of 
this growth method, showcasing high intrinsic optical 
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108 Cornell NanoScale Facility

Far UVC LED Project

CNF Project Number: 3281-25
Principal Investigator(s): Leo Schowalter
User(s): Madhav Ramesh, Jay VanDelden

Affiliation: Visium
Primary Source(s) of Research Funding: Company funds
Contact: leo.schowalter@visium.one, madhav.ramesh@visium.one; jvd@eigenphase.com 
Research Group Website: https://visium.one/
Primary CNF Tools Used: Heidelberg MLA, Angstrom e-beam evaporator, PT770 etcher, GCA i-line stepper

Abstract:

disinfecting the air and surfaces indoors, while being 

for commercial disinfection applications.  

Summary of Research:

semiconductors, typically crystalline in nature. To 

widespread research already existing particularly in 

section of the epitaxially grown structure is shown in 
Figure 1.  

The structure essentially comprises p-type and n-type 

structure was then processed in the cleanroom by dry 

characteristics are shown in Figure 3. The diode seems to 

leakage is also exceptionally low, with the current close 

many more to come.
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Conclusions and Future Steps:

n-type and p-type contacts, and packaging.

References:
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110 Cornell NanoScale Facility

Lithographic Phase Masks for Spatial Contron of Squeezed Light 

CNF Project Number: 3309-25
Principal Investigator(s): Nicholas Rivera
User(s): Dong Beom Kim

Affiliation: School of Applied and Engineering Physics, Cornell University
Primary Source(s) of Research Funding: Startup funding
Contact: nrivera@cornell.edu, dk932@cornell.edu
Research Group Website: riveralab.org
Primary CNF Tools Used: Heidelberg MLA150 maskless aligner, Oxford 81 reactive ion etcher, AJA sputtering 

deposition system

Abstract:

to induce coherent phase control onto light. This is a 
preliminary step towards broader spatial-mode control 

Summary of Research:

our group points to the possibility that, by sending 
spatially phase-modulated light into a nonlinear medium 

corresponding to a higher-order mode, and then pass 

thicknesses into silica to introduce position-dependent 
phases, hence the need for nanofabrication. The use of 

measurements: our new lab now has demonstrated 
capabilities to send spatially-phase-modulated 

of controllable spatial modes.

References:
[1] Sloan, Jamison, et al. "Programmable control of the 
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112 Cornell NanoScale Facility

End-to-end Design of a Diffractive Optical Element

CNF Project Number: 3319-25
Principal Investigator(s): Kristina Monakhova
User(s): Hasindu Kanaththage

Affiliation: Ann S. Bowers College of Computing and Information Science, Cornell University
Primary Source(s) of Research Funding: Startup funds
Contact: monakhova@cornell.edu, hpk22@cornell.edu
Research Group Website: https://kristinamonakhova.com/
Primary CNF Tools Used: Heidelberg MLA 150 Maskless Aligner, Zygo Optical Profilometer, Hamatech HMx900 

Abstract:

a challenging task. This work addresses the fabrication 

from-defocus task, with 1 μm × 1 μm lateral resolution, 

feature height, correcting for the nonlinear response of 

is exposed multiple times with small lateral shifts to 

Summary of Research:

the imaging process which allows the reconstruction 

remains a challenging task. 

for a depth-from-defocus task. The imaging setup 

the imaging, two images of the same scene are captured 
by defocusing the lens. These two images are used to 
estimate the scene depth using a bio-inspired depth 

rendered images are fed to the depth estimation network 
and the result is compared with a ground truth depth 

the error. 

lateral resolution of 1 μm x 1 μm and a maximum feature 

spin coating a fused silica wafer with S1813 photoresist 

wafer is exposed with multiple copies of the test pattern, 

measurements, an appropriate base laser dose is selected 

saturating the height response. The measurements 
showed a noisy, nonlinear relationship between the 
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Conclusions and Future 
Steps:

a faster method of fabricating 

during the exposure. We use the 

pattern to reduce these artifacts. 
Through this method, our process 
brings down the stitching artifact 

to much smoother feature height 

transferring the test pattern to the 

etcher, calibrating the etching recipe, 

optical element. 

References:
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114 Cornell NanoScale Facility

Cathodoluminescent Evaluation: Validating a Broadband 
Cathodoluminescent Technology for 193 Nanometer Photoresist 
Processing

CNF Project Number: 3350-26
Principal Investigator(s): Tom Dunbar

Affiliation: tomPhyzx.LLC
Primary Source(s) of Research Funding: United States Economic Development Administration, with New York 

State matching support, through Syracuse University’s New York Smart I-Corridor Tech Hub Collaboration and 
Commercialization Center New York Tech Hub Resources and Innovation Vouchers Program

Contact: tom@tomPhyzx.com
Primary CNF Tools Used: ABM Mask Aligner

Abstract:

nanometers could produce an actinic response in 

was exposed through a rotating mechanical sector mask 
containing repeated resolution targets. The clearest 

to be demonstrated. 

Summary of Research:

experiment addressed the most basic feasibility 

and a rotatable upper plate with one matching opening. 
Repeated line-and-space targets were distributed around 

one second through eight seconds. The second used 
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Conclusions and Future Steps:
The facility work established preliminary proof that 

assemblies, and broader spatial studies will proceed 

remain limited until calibrated measurements and repeat 

References:

in fresh 2.38 percent tetramethylammonium hydroxide 

nitrogen dry. 

line-and-space response and adjacent mask-label 

and two-minute sectors showed mainly sector outlines 

soluble or chemically hardened and remained after 

uniform exposure. 

Science and Technology Facility, with assistance from 

practical path toward future resist preparation and testing 

material-access barrier and supports the next controlled 

than framed as a full-wafer demonstration. The present 

established by direct measurement scanning rather 

photoresist-uniformity study remain possible later steps, 
but are not assumed in the current plan. 


