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The scientific report (WORD or PDF file - maximum of seven A4 pages) should be submitted online within two months of the event. It will be published on the ESF website.
Proposal Title: School: Antenna measurements at millimetre and submillimetre wavelengths, 4-8 May 2015

Application Reference N°: 5851
1) Summary (up to one page)

The aim of this course was to provide the students with the required background to understand different antenna measurement techniques and their pros and cons at millimetre and submillimetre wavelengths. Testing of large (high-gain) satellite antennas as well as that of small integrated antennas at millimetre and submillimetre wavelengths is a difficult task. 


In case of large antennas, the classical far-field method has two major obstacles at mm and submm wavelengths: impractically large measurement distance and high atmospheric loss. The planar near-field scanning method has been used up to 1 THz. The applied near-field methods give useful information only on the main beam and its vicinity, because the field-sampling is typically very sparse. Reflector-based compact antenna test range (CATR) measurements have been carried out up to 500 GHz. Recently also hologram-based CATR measurements have been carried out at 650 GHz. 


In case of small integrated antennas, various techniques for on-wafer measurements have been developed.


This short course discussed the techniques and limitations of the various test methods, such as the planar near-field scanning and CATR as well as on-wafer measurements. Also antenna pattern correction techniques were discussed. Lectures were accompanied by laboratory demonstrations/exercises. 


The participants had a choice to study a related specific topic prior to the short course, write a brief report and present that to other participants during the course. Two students used this option.

The lectures included the following: introduction, mm- and submm-wave instrumentation, near-field scanning, near-field to far-field transformation, compact antenna test range (CATR), CATR based on reflectors, a lens, or a hologram, construction of a hologram based CATR, quiet-zone testing and antenna testing in a CATR, antenna pattern correction techniques, testing of small integrated antennas.

The laboratory demonstrations (exercises) include the following:


-
vector measurements at 1THz


-
scanning of near-field – computation of the far-field pattern


-
antenna measurement in a hologram CATR


-
elimination of disturbing scatterer effect in a CATR – application of the APC 
method


-
on-wafer antenna measurement through reflection coefficient measurement

On the final day of the course there was an exam with 20 problems. All 22 students passed the exam, their score varied from 9.75 to 19 points out of maximum of 20 points.
2) Description of the scientific content of and discussions at the event (up to four pages)

In the introduction, A. Räisänen gave an overview to THz techniques and their applications as well as to antenna theory and antenna measurements. This was followed by the specific aspects that the mm-wave or THz frequency brings to the measurements. Testing of large (high-gain) satellite antennas as well as that of small integrated antennas at mm- and submm-wavelengths is a difficult task. In case of large antennas, the classical far-field method has two major obstacles at mm- and-submm wavelengths: impractically large measurement distance and high atmospheric loss. The planar near-field scanning method has been used up to 1 THz. The applied near-field methods give useful information only on the main beam and its vicinity, because the field-sampling is typically very sparse in order to keep the data acquition time reasonable. Reflector- or hologram based compact antenna test range (CATR) measurements may provide a competitive alternative to far-field and near-field measurements. In case of small integrated antennas, various techniques for on-wafer measurements are being developed.

T. Crowe introduced mm-wave and THz instrumentation used for antenna measurements, and discussed in detail vector measurements and their calibration at THz frequencies. This lecture was followed with a laboratory exercise on vector measurements at mm-wave frequencies, where the students got hands-on experience on calibration of the vector network analyser.


On the second day of the course, S. Pivnenko discussed first the near-field measurements and their theory in general, and then moved to planar near-field scanning and transformation from near-field to far-field. This was followed by J. Ala-Laurinaho’s lecture on instrumentation aspects in near-field measurements. The second day was concluded with a laboratory exercise on scanning of near-field and computation of the far-field pattern.


The compact antenna test range (CATR) was the sole topic of the third day of the course. M. Sierra Castañer lectured first on anechoic chambers and CATR in general, and then on reflector- and lens-type CATRs. J. Ala-Laurinaho continued with a hologram-type CATR and radar cross-section measurements in CATR. Finally the students got some experience on CATR measurements in the laboratory demonstration where a lens antenna was measured in a hologram-type CATR.

The CATR measurement discussion continued on the fourth day of the course with lectures “Hologram CATR quiet zone testing and antenna measurement” by J. Ala-Laurinaho, “Antenna pattern correction techniques” by V. Viikari, and “Antenna range evaluation techniques” by V. Viikari. The CATR part of the course was concluded with a laboratory and computer exercise on “Elimination of disturbing scatterer effect in a CATR”.


The afternoon of the fourth course day was dedicated for measurement of small integrated antennas, lectured by V. Viikari, and concluded with a laboratory exercise on “On-wafer antenna measurements”.

During the last day of the course the students also got a chance to give lectures. Two of them used this opportunity and we heard lectures “On-wafer antenna measurements at mm-wavelengths” by H. Frid, and “Effects of atmosphere in THz antenna testing” by Waqas Khan. The student lectures were of course also followed by questions and comments.
3) Assessment of the results and impact of the event on the future directions of the field (up to two pages)

Millimetre wave and THz techniques have many fast growing applications: while only 20 year ago these frequencies were used only for science (radio astronomy and spectroscopy), they are used already for radar, imaging and wireless communications, etc. Therefore, antenna characterization has become a very important topic and new characterization methods must be developed along new antenna functions.

The European School of Antennas provides doctoral students, engineers and scientist about 30 different courses on antenna theory and practice. Antenna measurements and those especially at THz frequencies are discussed in this course of growing interest. As in the past six (6) editions of this course, the contents of the course have been directly based on the recent and on-going research in this field, this trend will and must continue also in the future.
4) 
Annexes 4a) and 4b): Programme of the meeting and full list of speakers and participants

Annex 4a: Programme of the meeting 
Monday 4 May 2015: Introduction to mm- and submm-wave measurements, hall S3

	Hour
	Topic
	Teacher

	9-10
	Presentation and introduction
	Antti Räisänen

	10-11
	Antenna measurements; general
	A. Räisänen

	11-12
	Specific aspects at mm- and submm-wavelengths
	A. Räisänen

	12-13
	Lunch
	

	13-14
	Submm-wave instrumentation
	Thomas Crowe

	14-17
	Introductory lecture, laboratory demonstration: Vector measurements at 1 THz
	T. Crowe


Tuesday 5 May 2015: Near-field measurement, hall S3

	Hour
	Topic
	Teacher

	9-10
	Near-field measurements; general
	Sergey Pivnenko

	10-12
	Planar near-field scanning and transformation from near-field to far-field
	S. Pivnenko

	12-13
	Lunch
	

	13-14
	Instrumentation aspects in near-field measurements
	Juha Ala-Laurinaho

	14-17
	Laboratory & computer exercise: Near-field measurement
	Andrey Generalov,

Vasilii Semkin, 

J. Ala-Laurinaho


Wednesday 6 May 2015: Compact antenna test ranges (CATR), hall S3

	Hour
	Topic
	Teacher

	9-11
	Anechoic chambers and CATR in general; reflector and lens CATR
	Manuel Sierra Castañer

	11-12
	Antenna (and RCS) measurements in CATR
	M. Sierra Castañer

	12-13
	Lunch
	

	13-14
	Introduction to hologram CATR and RCS measurement in a phase-hologram CATR
	J. Ala-Laurinaho

	14-16
	Laboratory: Antenna measurement in a hologram CATR
	A. Generalov, 

V. Semkin,

J. Ala-Laurinaho,

M. Sierra Castañer

	17-22
	“Kyykkä”-game and dinner
	


Thursday 7 May 2015: Hologram CATR, hall S3

	Hour
	Topic
	Teacher

	9-10
	Hologram CATR, QZ testing, and antenna measurement
	J. Ala-Laurinaho

	10-11
	Antenna pattern correction techniques
	Ville Viikari

	11-12
	Antenna range evaluation techniques
	V. Viikari

	12-13
	Lunch
	

	13-14
	Laboratory & computer exercise: Elimination of disturbing scatterer effect in a CATR 
	V. Viikari

	14-15
	Measurement of small integrated antennas
	V. Viikari

	15-17
	On-wafer antenna measurements
	Subash Khanal, 

V. Semkin


Friday 8 May 2015: Student seminar and exam, hall S3

	Hour
	Topic
	Teacher

	9-10
	Exam
	A. Räisänen, 

J. Ala-Laurinaho

	10-12
	Seminar with student presentations

Henrik Frid: On-wafer antenna measurements at mm-wavelengths

Waqas Khan: Effects of atmosphere in THz antenna testing
	A. Räisänen

	12-13
	Lunch
	

	13-15
	Conclusions and diplomas
	A. Räisänen


Annex 4b: Full list of speakers and participants
Speakers (9):

Ala-Laurinaho Juha, Aalto University

Crowe Thomas, Virginia Diodes inc., Univ. of Virginia
Generalov Andrey, Aalto University
Khanal Subash, Aalto University
Pivnenko Sergey, DTU, Denmark

Räisänen Antti, Aalto University
Semkin Vasilii, Aalto University

Sierra Castañer Manuel, UPM, Spain

Viikari Ville, Aalto University
Participants (22):
Anoshkin Ilya, Aalto University

Expósito Pérez Isabel, Univ. of Vigo

Freidl Philipp, TU Graz

Frid Henrik, Royal Institute of Technology (KTH)
Hannula Jari-Matti, Aalto University

Helander Jakob, Lund University

Jilani Syeda Fizzah, 
Queen Mary Univ. of London

Jouade Antoine, Univ. Rennes 1

Khan Md Waqas, Tampere Univ. of Technology

Konstantinidis Konstantinos, Univ. of Birmingham

Lopez Santos Jose, 
Univ. of Vigo

Miah Md Suzan, Aalto University

Mirmoosa M. Sajjad, Aalto University

Naderpour Reza, Aalto University

Petrov Vitaly, Tampere Univ. of Technology

Popa Paula, Danish Technical University
Sarimin Nuraishah, Univ. Paris 6
Solomitckii Dmitrii, Tampere Univ. of Technology

Stander Tinus, Univ. of Pretoria
Vasquez Cabo Jose, Univ. of Vigo

Yurduseven Ozan, TU Delft

Tomas Zalabsky, Univ. of Pardubice
