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Preface

The 20" International Symposium on Space THz Technology (ISSTT2009) was held from April
20 to 22, 2009, in Charlottesville, Virginia. It was attended by over 160 scientists and engineers
from 14 countries. 35 were students working in the field of Terahertz technology.

The Symposium organizers from the National Radio Astronomy Observatory (NRAO), the
University of Virginia, and Virginia Diodes, Inc. (VDI) want to thanks all participants and
authors for making this symposium a scientifically interesting and very enjoyable event.

There were a total of 88 presented papers, 49 as fifteen minute oral presentations and 39 as
posters. In addition, there were 6 invited plenary talks from distinguished THz researchers.
These proceedings contain all papers submitted by May 26, 2009. The accepted abstract was
used in cases where a full paper was not submitted.

Invited/Plenary Speakers (no abstract or paper included):

Al Wooten (NRAO), “ALMA Status and Science Opportunities”

Adrian Russell (NRAO), “ALMA — The Push for the High Site”

Mark Rosker (DARPA), “The DARPA Terahertz Electronics Program”

Susumu Komiyama (University of Tokyo), “Ultra-High Sensitive Detectors in the Terahertz
Region”

Jurgen Stutzki (Universitat zu Koln), “SOFIA: A Far-Infrared Astronomy Platform for the next
Two Decades”

Jeffrey Hesler (Virginia Diodes, Inc.), “Broadband Multiplier Development for ALMA, and its

Implications for General THz Measurements”

The organizers would like to thank the Scientific Organizing Committee for review of the
technical program and the Local Organizing Committee for taking care of the local arrangements
and initial abstract sorting and review. Special thanks are due to Gene Runion, Josh Malone, and
Dale Nordstrom for the fantastic A/V work they did for the entire conference, with additional
thanks to Gene for taking photographs, some of which are included later in this preface.

The symposium organizers would like to thank the National Radio Astronomy Observatory
(NRAO), University of Virginia (UVA), and Virginia Diodes, Inc. (VDI) for sponsoring this
event.
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Sunday, April 19: Check-In and Icebreaker Reception

Co-chair Art Lichtenberger and Event Co-chair Art Lichtenberger signing
Planner Extraordinaire Laurie Clark conference T-shirts.
prepare for check-in.

Co-chair Eric Bryerton getting
complements from the NRAO director,
Fred Lo, on a job well done.

Icebreaker reception attendees were Marian Pospieszalski and Art
entertained by a lovely string quartet from Lichtenberger enjoying a cold beer and
Charlottesville High School. greeting each other at the icebreaker.
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Monday, April 20: Oral Sessions

ALMA North American Project Manager
Adrian Russell kicking off the afternoon
with his plenary talk, “ALMA — The Push
for the High Site, a Status Report”.

:

Jacob Kooi wide awake on Monday
morning, watching intently.

RAN

i L N
Master sound engineer Josh Malone
pushing all the right buttons.

Co-chairs Eric Bryerton and Art
Lichtenberger paying very close attention
to speaker.

Alexandre Karpov pauses during his
presentation to smile for the camera

s \
i -
.
= i G

The audience watches one of the 49 oral
presentations.
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Monday, April 20: NRAO Technology Center Open House

.......

b=

Bus bringing guests to the NRAO NRAO chemist Gerry Petencin talking
Technology Center, passing by the plating and electroforming with Giovanni

dogwoods in bloom. De Amici.

Marian Pospieszalski conveying his John Webber, Director of NRAQO’s Central
amplifier knowledge to the next Development Laboraty, talks about the
generation. ALMA correlator.

Eric Bryerton xplaining the inner Admiring the master workmanship of a
workings of the ALMA local oscillators. NRAO low-noise amplifier.
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Monday, April 20: VDI Sponsored Poster Reception

Raquel Monje and Axel Murk talk things Alexandre Karpov tells Nick Whyborn all
over at the poster reception. about the CASIMIR receiver.

Alain Maestrini and Brian Ellsion Jose Siles presenting his work on dual-
discussing plans for the 2010 ISSTT in chip single-waveguide power combining
Oxford. for frequency multipliers.

Jian-Rong Gao making a point about Checking out one of the 39 posters on
QCLs to Michael Wanke. display during the poster reception.
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Tuesday, April 21: Oral Sessions

Susumu Komiyama from the University of
Tokyo, Japan, giving his plenary talk on
“Ultra-High Sensitive Detectors in the
Terahertz Region”.

DARPA program manager Mark Rosker
giving his plenary talk on “The DARPA
Terahertz Electronics Program”.

Andrey Baryshev spreading the word ISSTT steering committee members Ray
about Millimetron. Blundell and Wolfgang Wild admiring the
ISSTT2009 abstract book.
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Tuesday, April 21: Conference Dinner at Ash Lawn-Highland

Ash Lawn-Highland, the former home of Ed Wollack and Richard Wylde discussing
President James Monroe, is an historic something quite profound.
house and 535-acre working farm.

Doris Maier enjoying a glass of wine NRAO administrative assistant Mary
before dinner. Mayo strolling the grounds.

-

P - Cage il P,
Enjoying dinner and conversation at the Ash Lawn-Highland pavillion.

~
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Wednesday, April 22: Oral Sessions

Plenary speaker, Jeffrey Hesler from
Virginia Diodes, Inc., speaks about
broadband frequency multiplier
development.

Plenary speaker, Jurgen Stutzki from the
Universitat zu Koéln, speaks about SOFIA.

NRADO librarian, Lance Utley, Tom Crowe rises to question the speaker.
demonstrating the Online Space THz
Proceedings Archive.

i N 7‘: T N

Jack Surek presenting his work on a Sarmad Albanna and Chris Groppi
mobile THz spectroscopic system. enjoying the last moments of the

conference.
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ISSTT 2010 Preliminary Information
Oxford / Rutherford Appleton Lab (RAL), UK
March 23 - 25, 2010
http://www.physics.ox.ac.uk/stt2010/

Local Organizing Committee:

Brian Ellison, RAL
Ghassan Yassin, Oxford
Peter Huggard, RAL
David Matheson, RAL
Jamie Leech, Oxford
Paul Grimes, Oxford

ISSTT 2011 Preliminary Information
Tucson, AZ, USA
April 26-28, 2011

Local Organizing Committee:

Chris Walker, U. Arizona

Christian d’Aubigny (TeraVision, Inc.)
Chris Groppi (Arizona State Univ.)
Craig Kulesa (U. Arizona)

Delmar Barker (Raytheon Inc.)

Gene Lauria (Raytheon, Inc.)

Hao Xin (U. Arizona)

Jerry Moloney (U. Arizona)

William Owens (Raytheon Inc.)
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Prototype ALMA Band 5 Cartridge:
Design and Performance

V. Belitsky, I. Lapkin, B. Billade, E. Sundin, A. Pavolotsky, D. Meledin, V. Desmaris,
M. Strandberg, R. Finger, O. Nystrom, M. Fredrixon, S.-E. Ferm, H. Rashid, D. Henke

Abstract— The Atacama Large Millimeter/submillimeter
Array (ALMA), an international astronomy facility, is a
partnership of East Asia, Europe and North America in
cooperation with the Republic of Chile and aims to build an
interferometer radio telescope consisting of more than 60
antennas. The instrument is under construction at the Llano de
Chajnantor, about 50 km east of San Pedro de Atacama, Chile.
This work presents a part of ALMA frontend, the development,
design and performance of one of the frequency channels of the
ALMA receiver, the Band 5 prototype cartridge for 163 — 211
GHz frequency band.

Index Terms — ALMA receiver cartridge, optics, cryogenics,
2SB SIS mixer.

I. INTRODUCTION

HE ALMA Band 5 is an EC Framework Program 6 (FP6)

infrastructure enhancement project aiming at the
development and design of a prototype receiver cartridge
fulfilling specifications of ALMA Band 5. After the prototype
cartridge is accepted, the project consideres to supply 6
production cartridges for the ALMA Project for integration
into the ALMA frontend receiver. Group for Advanced
Receiver Development, OSO, Chalmers University, is
responsible for cold cartridge assembly (CCA). CCLRC
Rutherford Appleton Laboratory, UK, are our partners in the
ALMA Band 5 project and responsible for development of the
Band 5 warm cartridge assembly (WCA) and the local
oscillator (LO) sources.

The Band 5 cartridge is a dual - polarization receiver with
the polarization separation performed via orthomode
transducer (OMT) [1]. The receiver is based on sideband
rejection quadrature layout (2SB) and employs modular design
with SIS DSB waveguide mixers, covering 163-211 GHz with

Manuscript received on April 20, 2009. This work was supported by EC
Framework Program 6 (FP6) in its part of infrastructure enhancement under
contract 515906.

V. Belitsky (e-mail Victor.Belitsky@chalmers.se), I. Lapkin, B. Billade, E.
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4 - 8 GHz intermediate frequency (IF) band.

The ALMA Band 5 cartridge is the lowest frequency
channel of the ALMA frontend that utilizes all - cold optics
and thus has the largest mirrors amongst the other ALMA
bands with cold optics. The Band 5 optics mirrors together
with its support structure leave very little room for placing the
receiver components, such as the corrugated horn, OMT, the
mixers for both polarizations and the IF system and thus
calling for specific technical and design solutions for the
layout of the cartridge.

II. OpTICS DESIGN

Band 5 mirrors and corrugated horn formal parameters are
based on the design proposed by M. Carter, et al. [2] and has
been analyzed by M. Whale, ef al. [3] through physical optics
simulations to ensure no unwanted cross-polarization
components added and overall efficiency is within specs.

e

{ HORN INTERFACE

339 ot 3 3

Fig. 1. Band 5 optics integrated. The two mirrors are supported by two
vertical brackets with the crossbar providing reference plane, cooling and
support for the mixer assembly integrated around the OMT. Additional
vertical support bracket (not shown) provides supplementary cooling and adds
stiffness to the main support brackets.


A
Text Box
M1A

akerr
Text Box


                20th International Symposium on Space Terahertz Technology, Charlottesville, 20-22 April 2009


20w International Symposium on Space Terahertz Technology, Charlottesville, 20-22 April 2009

In order to make the cold optics structure stiff and yet easier
to manufacture, the Band 5 optical support was designed
integrated out off several parts rather than machined as a
single piece. The optics mounted on the 4K plate of the
cartridge includes the support brackets, two at the sides and
one central, the crossbar for mixer assembly interfacing and
two mirrors, all made off aluminum alloy, Fig. 1.

The corrugated horn is directly attached to the crossbar
connecting the vertical optics support brackets and providing a
mechanical interface to the mixer assembly. The corrugated
horn has 94 corrugations (Fig. 2) and has been designed using
an optimization procedure that simultaneously aims to the best
Gaussian fit of the main lobe while minimizing the side-lobs
below -30 dB level, Fig 2.

Fig. 2. ALMA Band 5 corrugated horn. The horn is made of aluminum and
consists of 3 parts connected via press-fit joints. The split was made to
facilitate machining.

III. MIXER ASSEMBLY

As discussed in the introductory part, the cold mirrors of the
ALMA Band 5 cartridge with the specified mirror rim size of
five beam waists (5w,) are large, as compared to other ALMA
bands, because of it relatively low operating frequencies. The
space available for placing the mixer assembly is next to the
Mirror 1 (M1), Fig. 1. In order to fit this room, the
polarizations should be split by an OMT and directed towards
opposite sides in parallel behind M1.

Port 1

Port 3
v

Fig. 3. Band 5 cartridge OMT [1] with input via square waveguide (port 1)
and outputs (port 2 and 3) at the opposite sides to facilitate compact mixer
assembly design. In order to use the same 2SB mixers for both polarizations
we have added 90-degree waveguide twist.

The OMT for the Band 5 cartridge uses the core design of
ALMA Band 4 [1] with redesigned output of one polarization;
a 90-degree waveguide bend is added to place the OMT

outputs at the opposite sides, Fig. 3. The measured OMT
insertion loss at room temperature is less than 0.4 dB for both
S12 and S13 over the entire RF band.

In order to fit the receiver components into the cartridge, we
had to revise the originally proposed design for the Band 5
mixer as a scaled version of APEX Band 1 2SB SIS mixer [4]
in favor of a more compact design. For the Band 5 mixer, we
use MMIC style design of the SIS mixer with integrated on-
chip LO injection and SIS junction capacitance integrated
tuning circuitry. The mixer chip however has one DSB mixer
[5, 6] in contrast to [4]. In order to use the same configuration
2SB mixer for both polarizations, we have added a 90-degree
waveguide twist, Fig. 4.

( _ CORRUGATED HORN
i

( MAGNETIC FIELD COILS >

Fig. 4. Band 5 mixer assembly. The assembly comprises the OMT, two 2SB
mixers and corresponding IF chains (not shown) with the corrugated feed horn
attached to OMT input port 1 (Fig.3).

The mixer block has end-piece configuration with SIS
mixer substrate having mirrored layout for different
polarizations and being placed facing the RF and LO signals
in the waveguides, with the IF outputs are directed towards the
cartridge 300 K flange. Such design allows us to use the space
between the mirror and the optics support brackets for placing
the mixer assembly, all integrated around the OMT.
Consequently, we use a specially designed IF hybrid to align
the IF chains with the 2SB mixer IF outputs. Fig. 4 shows the
mixer assembly, comprising, the OMT, two 2SB mixers and
the IF chain integrated with the corrugated feed horn.

The result of this design is that the IF system streamlined
along the vertical axis of the cartridge; it uses all the space
between the 4 K and 15 K stages. This relatively long IF
chain is exposed to potentially harmful mechanical stress as a
result of thermal contraction. The mechanical stress caused by
thermal contraction of different materials was largely removed
by introducing a titanium intermediate piece in the IF support
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bracket, an approach similar to the one used by ALMA Band 9
to secure tightening of the screws. The titanium contraction
coefficient is the least as compared to aluminum and copper.
In order to remove the stress, a simple equation should be
solved equalizing thermal contraction of the aluminum optics
supporting brackets with the combined contraction of the
copper and titanium parts of the IF supporting bracket that
provides rigid support for the IF chain.

The cold IF amplifiers [7] are 3 - stage HEMT amplifiers
with the first stage using InP HRL HEMT provided by ESO
for ALMA Band 5 project and the two other stages using
GaAs HEMT transistor MGFC 4419G with amplifier
performance presented in Fig. 5. The amplifiers have been
redesigned in order to facilitate integration of Band 5 cartridge
IF chain.

LNA al d@12K
—&—51mW with different biases
40 4 —°—57mwW 20
<ot -46mW
- - 5.4mW
=
35 B o | ~AF 16
- e AT
e PP~ A
/ W&@'f I e ¥
T L
#- 4
30 4 12
c @
z =
2 EsAmW | |
--%--57mW
N --B— 57mW
\'- A 54mW
20 Mg P e e R
15 0

4000 4500 5000 5500 6000 6500 7000 7500 8000
Frequency [MHz]

Fig. 5. Band 5 IF amplifier performance: gain (left axis) and noise (right axis)
at different bias voltages @12 K ambient temperature. Typical power
dissipation of the amplifier is below 7 mW.

The IF hybrid, the amplifiers with CTH1365K25 type
PAMTech isolators, all use matched SMA contacts allowing
direct connection of the IF components to each other and the
corresponding 2SB mixers, Fig. 6.
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Fig. 6. Picture of the Band 5 cartridge mixer assembly for one polarization.
The assembly comprises OMT, 2SB mixer, custom-made IF hybrid with
integrated SIS mixer bias-Ts, isolators [8], and IF amplifiers.

IV. INTEGRATED LO ASSEMBLY

LO sources for Band 5 are developed by Rutherford
Appleton Laboratory, UK. The suggested LO source layout
comprises active tripler followed by a power amplifier and
with final stage times two multiplier. This translates the
required LO frequency band 171 —203 GHz into input
frequency band of 28.5—-33.83 GHz. This relatively low
input frequencies for the LO source allow us to use off-shelf
vacuum bulk-head feed through K-type connector to avoid
complexity of employing a custom-made waveguide LO
interface between the WCA and CCA. However, this requires
accommodation of the two LO sources inside the cartridge on
300 K plate at the vacuum side and installing an additional DC
connector to bias active multipliers and power amplifiers. Fig.
7 shows the planned layout for integration of the LO sources
on the 300 K plate of the Band 5 receiver cartridge.
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Fig. 7. Band 5 cartridge integrated LO sources. The sources are combined in
U-shape to improve cooling and extend the distance of the LO output to the
110 K plate. That reduces thermal load @110 K via LO output waveguide.

V. CARTRIDGE CABLING AND WI