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Abstract—Characterization of wide-field optics in the
Terahertz regime imposes new and demanding requirements
for testing systems. From basic characterization using scalar
sources or thermal sources located in the instrument focal
plane, basic beam measurements can be determined, whereas
important features, such as coupling to the antenna system or
the effect of curved focal planes, cannot be determined by such
approaches. These limitations can be overcome by performing
phase and amplitude measurements of the beam. From its
complete optical information of the system is obtained, allowing
the estimation of all relevant optic parameters. In this work we
present and demonstrate a technique to perform such
measurement based on the use of photonic sources. The system
was implemented to fully characterize the A-MKID instrument,
awide-field camera based on kinetic inductance detector (KID)
technology to be deployed at the APEX Telescope in Chile.

I. INTRODUCTION

The characterization of wide-field optics operating in the
terahertz regime is a major challenge as it involves very
demanding requirements many of which are hard to meet
with the available testing systems technology. Whilst scalar
or thermal sources placed in the focal plane allow basic
characterization, important features such as spillover
efficiency, wave front error, or aperture efficiency cannot be
determined by such approaches. In addition, when
instruments have a curved focal plane, designed to match the
Petzval surface of the hosting telescope, even basic
parameters are difficult to extract from scalar planar
measurements. By contrast, from complex planar (amplitude
and phase) measurements, the complete information of the
optical system can be obtained, allowing the estimation of all
relevant optical parameters [1][2]. The present paper reports
on our work to implement a broad frequency tunable testing
system capable of performing amplitude and phase
measurements based on two interfering photonic sources of
coherent terahertz radiation [3][4]. The described testing
system allowed to characterize the wide-field optics of the
A-MKID instrument, which will be shortly installed in the
Atacama Pathfinder Experiment telescope (APEX) in Chile
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[5]. The A-MKID instrument is a wide-field, dual-color,
bolometer camera. It is based on kinetic inductance detectors
[6][7] and operates at 350 GHz and 850 GHz. The instrument
optics consists of six reflective mirrors, possessing complex
extended polynomial shapes optimized to achieve a
diffraction limited performance and Strehl ratio better than
0.8 over the complete field of view [8].

This work presents a characterization system which consists
of tunable terahertz photonic sources to perform amplitude
and phase measurements by phase shifting interferometry.
The experimental setup involved two terahertz sources
located at the instrument focal plane, radiating at the same
frequency but with the relative phase controlled using optical
fiber stretchers. The use of fiber stretchers allows for
electronical control of the phase shift, eliminating the need
for mechanical delay lines, traditionally required by the
phase shifting interferometry technique.

The interference between both sources -reference and signal
source- is used to measure the complex beam pattern for
every pixel in the detector. The signal source is mounted on
an XY translation stage, whereas the reference source is
static and couples to the detectors via reflection on a
polarization grid.
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Figure 1: AMKID measured amplitude beam at 850GHz
band. Sidelobe level is around -13 dB, in agreement with
simulations, no pedestal response is observed down to -40
dB.
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Both terahertz signals propagate through the AMKID optical
system and reach the detector array, where they interfere.
The detected signal by the KID readout is proportional to the
squared electric field at the detector, corresponding to the
addition of the fields generated by the two photonic sources.
As the phase of the sources, reference, and signal, was swept
by a saw-tooth signal, the extraction of the amplitude and
phase of the beam pattern is straightforward.

II. CONCLUSION

The setup probed to show an excellent terahertz signal phase
stability of few degrees over several hours and allowed to
characterize the optics of the instrument in two frequency
bands: 350GHz and 850 GHz. The measured phase and
amplitude beam maps yielded typically a signal to noise ratio
of more than 40 dB, Figure 1, and allowed the extraction of
aperture efficiency, spill-over efficiency, wavefront
distorsion, beam ellipticity etc.

The system achieved a high level of accuracy and
demonstrated a reliable method for measuring amplitude and
phase in the terahertz regime.

REFERENCES

[1] K.K. Davis, et al., “Complex Field Mapping of Large Direct Detector
Focal Plane Arrays”, IEEE Transactions on Terahertz science and
technology, Vol 9, No 1, January 2019.

[2] S.J.C. Yates et al., “Complex beam mapping and Fourier optics analysis
of a wide-field Microwave Kinetic Inductance detector camera” Journal of
Low Temperature Physics. 199:156-163, 2020.

[3] I. Camara Mayorga, et al. “Terahertz photonic mixers as local oscillators
for hot electron bolometer and superconductor-insulator-superconductor
astronomical receivers,” J. Appl. Phys. 100 (4), 043116 (2006).

[4] I. Camara Mayorga, et al., "First in-field application of a full photonic
local oscillator to terahertz astronomy", IEEE Trans. THz Sci. Technol., vol.
2, no. 4, pp. 393-399, Jul. 2012.

[5] R. Giisten, et al., “The Atacama pathfinder experiment (APEX), a new
submillimeter facility for southern skies” A&A, 454(2): L13-L16, 2006.
[6] P. Day, et al., “A broadband superconducting detector suitable for use
in large arrays,” Nature, vol. 425, no. 6960, pp. 817-821, Oct. 23, 2003.
[7]1R. M. J. Janssen et al., “High optical efficiency and photon noise limited
sensitivity of microwave kinetic inductance detectors using phase readout,”
Appl. Phys. Lett., vol. 103, no. 20, 2013

[8] L. Esteras, “The optical system and the astronomical potential of A-
MKID, a new camera using microwave Kkinetic inductance detector
technology” Ph.D. dissertation. University of Bonn, 2014

Baeza, Spain, October 16-20, 2022

NOTES:



	ProceedingsBook_10152023_v3_Part1
	History

	REG_0044_ISSTT2022_Drakinskiy
	REG_0110_ISSTT2022_Thuroczy_02
	REG-0002_ISSTT2022_Pavolotsky
	I. Introduction
	II. Results
	III. Conclusion
	IV. Acknowledgement
	References

	REG-0003_ISSTT2022_Whitton
	REG-0004_ISSTT2022_Kotiranta
	I. Introduction
	II. SWI Optics
	III. Testbed Design
	IV. Measurement Methods
	A. Beam Coalignment Measurements
	B. Side Band Measurements

	V. Results
	VI. Conclusions
	Acknowledgments
	References

	REG-0008_ISSTT2022_Alibakhshikenari
	REG-0009_ISSTT2022_Thomas
	REG-0010_ISSTT2022_Thomas
	REG-0011_ISSTT2022_Sakai
	I. Introduction
	II. Permittivity extraction
	A. Measurement Setup
	B. Preprocessing
	C. Data Analysis

	III. experimental Results
	IV. conclusion
	References

	REG-0012_ISSTT2022_Auriacombe
	REG-0014_ISSTT2022_Chattopadhyay
	REG-0015_ISSTT2022_Shan
	REG-0016_ISSTT2022_Karasik
	I. Introduction
	II. MgB2 HEB Mixer
	III. THz Quantum Cascade VECSEL
	IV. THz Heterodyne Receiver

	REG-0018_ISSTT2022_Horton
	REG-0019_ISSTT2022_Montofre
	I. Introduction
	II. Design, simulations, and characterization
	III. Conclusion
	IV. References

	REG-0020_ISSTT2022_Rothbart
	REG-0021_ISSTT2022_Lopez-Fernandez
	REG-0022_ISSTT2022_Ballew
	REG-0023_ISSTT2022_Tan
	REG-0024_ISSTT2022_Meledin
	I. Introduction
	II. Receiver Design
	III. Characterization of the receiver at the telescope
	IV. Conclusion
	V. References

	REG-0026_ISSTT2022_Tuerk
	REG-0027_ISSTT2022_Realini
	I. Introduction
	II. RF waveguide structure
	III. Results
	References

	REG-0029_ISSTT2022_Driessen
	REG-0030_ISSTT2022_Mahieu
	REG-0031_ISSTT2022_Gao
	REG-0032_ISSTT2022_Albers
	REG-0033_ISSTT2022_Belitsky
	REG-0034_ISSTT2022_Barkhof
	I. Introduction
	/
	References

	REG-0035_ISSTT2022_Yates
	REG-0036_ISSTT2022_Salem
	REG-0037_ISSTT2022_Gibson
	REG-0038_ISSTT2022_Hesper
	REG-0039_ISSTT2022_Groppi
	REG-0040_ISSTT2022_Monje
	REG-0041_ISSTT2022_Veenendaal
	REG-0042_ISSTT2022_Reck
	REG-0043_ISSTT2022_Gonzalez
	REG-0046_ISSTT2022_Mondal
	REG-0049_ISSTT2022_Henke
	REG-0051_ISSTT2022_Zhu
	REG-0052_ISSTT2022_Moseley
	I. Introduction
	II. Test Facility architecture
	III. Future capabilities and opportunities
	References

	REG-0053_ISSTT2022_Moro
	REG-0054_ISSTT2022_Lambert
	REG-0055_ISSTT2022_Mahdizadeh
	REG-0056_ISSTT2022_Thuroczy
	REG-0057_ISSTT2022_Kaneko
	References

	REG-0058_ISSTT2022_Lain-Rubio
	REG-0059_ISSTT2022_Ren
	REG-0060_ISSTT2022_Ezawa
	I. Introduction
	II. Developments
	References

	REG-0061_ISSTT2022_Shurakov
	REG-0062_ISSTT2022_Wang
	REG-0063_ISSTT2022_Richter
	I. Introduction
	References

	REG-0064_ISSTT2022_Treuttel
	REG-0066_ISSTT2022_Crowe
	REG-0067_ISSTT2022_Hartogh
	REG-0068_ISSTT2022_Serres
	REG-0069_ISSTT2022_Janssen
	REG-0070_ISSTT2022_Valentin
	REG-0071_ISSTT2022_Wiedner
	REG-0072_ISSTT2022_Saeid
	REG-0073_ISSTT2022_Reyes
	REG-0074_ISSTT2022_Murk
	I. Introduction
	References

	REG-0075_ISSTT2022_Lampin
	REG-0076_ISSTT2022_Baryshev
	I. Introduction

	REG-0077_ISSTT2022_Nerik
	REG-0078_ISSTT2022_Linden
	REG-0079_ISSTT2022_Kawamura
	I. The Asthros Receiver

	REG-0080_ISSTT2022_Matsuo
	I. Introduction
	II. Preparation of Lab. Experiments
	III. Cryogenic Readout Electronics
	IV. Optical Setup of Interferometer Experiment
	V. Toward Antarctic Intensity Interferometry
	Acknowledgments
	References

	REG-0081_ISSTT2022_Baryshev
	I. Extended Rationale

	REG-0082_ISSTT2022_Mirzaei
	REG-0083_ISSTT2022_Orfao
	REG-0084_ISSTT2022_Kojima
	REG-0085_ISSTT2022_Fernandez
	REG-0086_ISSTT2022_Mirzaei
	REG-0087_ISSTT2022_Jaafar
	REG-0088_ISSTT2022_Khalatpour
	REG-0089_ISSTT2022_Barrueto
	REG-0090_ISSTT2022_Watkins
	REG-0091_ISSTT2022_Wienold
	References

	REG-0092_ISSTT2022_Cesar
	REG-0094_ISSTT2022_Khan
	REG-0095_ISSTT2022_Imada
	REG-0096_ISSTT2022_Siles
	I. Introduction
	II. Architecture Overview

	REG-0097_ISSTT2022_Sinclair
	REG-0098_ISSTT2022_Boehm
	REG-0099_ISSTT2022_Maestrini
	REG-0100_ISSTT2022_Lima
	I. Introduction (Heading 1)
	II. Results
	References

	REG-0101_ISSTT2022_Maestrini
	REG-0102_ISSTT2022_Khanal
	REG-0102_ISSTT2022_Treuttel_2
	REG-0103_ISSTT2022_Siles
	I. Introduction
	II. Approach and Preliminary Results

	REG-0105_ISSTT2022_Khudchenko
	REG-107_ISSTT2022_Walker
	REG-0109_ISSTT2022_Curwen
	REG-0111_ISSTT2022_Sriram
	II. Results
	I. Introduction
	References

	REG-0115_ISST22_Spencer
	STD-0003_ISSTT2022_Wenninger
	STD-0006_ISSTT2022_Yamasaki
	STD-0007_ISSTT2022_Masui
	STD-0009_ISSTT2022_Massingill
	STD-0010_ISSTT2022_Yoo
	STD-0011_ISSTT2022_Hoh
	STD-0012_ISSTT2022_Sirsi
	STD-0013_ISSTT2022_Longden
	STD-0014_ISSTT2022_Lopez
	STD-0015_ISSTT2022_Navarro_Montilla
	STD-0017_ISSTT2022_Monasterio
	STD-0018_ISSTT2022_Mebarki
	STD-0019_ISSTT2022_Cardenas
	STD-0020_ISSTT2022_Carrasco
	STD-0021_ISSTT2022_Benson
	STD-0022_ISSTT2022_Scott
	STD-0024_ISSTT2022_Shin
	STD-0025_ISSTT2022_Jayasankar
	STD-0026_ISSTT2022_Elmaleh
	STD-0027_ISSTT2022_MartinezGil
	STD-0028_ISSTT2022_Grutzeck
	STD-0029_ISSTT2022_Alqaraghuli
	STD-0030_ISSTT2022_Niwa
	STD-0031_ISSTT2022_Silva
	ProceedingsBook_10152023_v3_Part3



