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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 
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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, et al. [3] through physical optics 
simulations to ensure no unwanted cross-polarization 
components added and overall efficiency is within specs.  

 
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. 
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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 (5wo) 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.   

 
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. 
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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. 
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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. 

 
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 WIRING 
The Band 5 receiver cartridge uses standard ALMA DC 

interface connector with ESD cards directly attached to it at 
the vacuum side at 300 K plate, Fig 7, 8.  The wiring inside 
the cartridge is done using cryowires with 12 twisted pairs 
integrated into a loom [9].  Heat sinks for every temperature 
level are done similar to the design presented in [10].  The IF 
cables are shaped to relief stress caused by thermal contraction 
and to allow minimize the thermal load due to thermal 
conduction through the cables and wires and power 
dissipation, for wires. For more details, please see poster and 
report M. Strandberg et al. [11].  

ESD cards employ protection circuitries similar to those 
used by ALMA Band 3.  We have chosen to use dedicated 
wire bus for SIS mixer DC bias only and separate wire buses 
for DC biasing of IF amplifiers for each polarization; the forth 
wire bus carries magnetic field coil currents, defluxer and 
temperature sensor connections.  This is done to reduce EMI 
for SIS DC bias and HEMTs.  Necessary cross-connections 
are done between the two ESD cards.  

Finally, Fig. 8 displays a 3D model of the entire ALMA 
Band 5 cold cartridge assembly with removed fiberglass 
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spacers between the temperature plates, for better visibility of 
the cartridge design and internal components. 

Currently, ALMA the Band 5 receiver cartridge is in the 
final integration stage and we expect an extensive test program 
to be started shortly.  The cartridge tests include room 
temperature optics characterization, based on Agilent vector 
network analyzer with frequency extension for direct vector 
measurements in the band 160 – 220 GHz.  The cartridge test 
cryostat [12] has been integrated with Y-factor measurement 
system, sideband rejection characterization setup and cartridge 
cold beam measurement hardware similar to [13].  In order to 
eliminate effects of atmospheric water on the measured data, 
the measurement equipment is enclosed into a plastic cabinet 
purged with dry Nitrogen.  

 
Fig. 8.  Band 5 receiver cartridge cold assembly 3D model.  The fiberglass 
spacer between the cartridge plates have been removed for better visibility of 
the details and inner components. 

VI. CONCLUSION 
We presented details on the design of ALMA Band 5 

prototype receiver cartridge and some data on performance of 
its components. Detailed information on 2SB mixer design 
and its performance is presented in [6]. We successfully 
solved problems of integration of the dual polarization 2SB 
receiver into the cartridge whereas keeping required cold 
mirror rim size of the 5ωo. We expect extensive test program 
of the prototype Band 5 receiver cartridge to be started shortly.  
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