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Abstract—The ALMA band 9 (600-720 GHz) receiver car-
tridge, as currently being produced, features two single-ended
(dual sideband) SIS mixers in orthogonal polarisations. In the
case of spectral line observations in the presence of atmospheric
backgound, the integration time to reach a certain desired signal
to noise level can be reduced by about a factor of two by rejecting
the unused sideband. A proof-of-concept sideband separating
mixer has been successfully designed and produced over the past
few years, the results of which have been presented earlier at this
conference. At the time that the band 9 cartridge got its final
form, however, this mixer was not yet ready for series production.
Here, we present a design study that investigates the feasibility
of upgrading the current ALMA band 9 cartridge to full dual- Fig. 1. Photograph of the original prototype 2SB mixer block.
polarisation sideband separating capability, with minimal impact
on the overall structure of the cartridge. The goal is to re-use

as many of the parts ar?d. techniques of the existing cartridge as any siqals that end up with negative frequencies during the
possible to provide a minimal-cost upgrade path, to be available ., onversion process overlay those with positive frequen-
in a couple of years. . . - . .

cies. Especially for high frequency bands like band 9, this is a

Index Terms—Sideband separating mixers, Submillimeter mix- - sjgnjficant handicap because of the relatively high absorption
ers, ALMA band 9 (and therefore emission) of the atmosphere, even under the
best of observing conditions. Removing the atmospheric noise
I. INTRODUCTION from the image band can reduce the required observation time

T the time that the current ALMA band 9 receiver carPy @ factor of the order of two, depending on the relative

tridge was made ready for large-scale series productionfensities of the spectral lines and the background. ,
The baseline of the design study presented here is a

was not feasible with the then-current state-of-the-art to equip’ 8 .
it with anything more sophisticated than single-ended doubf@inimal-impact upgrade for the as-produced band 9 cartridges.
sideband (DSB) mixers. Now that the series production is wdllliS means that we try to reuse as many of the existing com-
under way, it seems to be a good time to consider futup@nents (especially the expensive and long lead-time items).

alternatives. The most obvious candidate, since it promige$? the per-cartridge effort to do the upgrade itself is intended
an immediate improvement in the quality of observations, {8 P& minimized.

replacing the double-sideband (DSB) mixers with sideband-
separating (2SB) mixers.

In a DSB mixer, both the RF frequencies are detectedSeveral years ago, an effort was initiated to investigate the
that satisfyw;rm, < (wpr — wro) < wim and wie, < possibility to provide 2SB mixers for ALMA band 9 [1]. A
(wpo — wrr) < wrre, With wrr andwy o respectively the design for a proof-of-concept mixer block was prepared [2],
antenna input and local oscillator frequencies, ang, and fabricated in several ways [3], [4] and characterized. A full
wrry the top and bottom of the IF band. In other wordsiccount has been submitted for publication [S]. Here we will

just summarize some key features and results.
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Fig. 4. The noise temperature and sideband-separation perfeemasc

i . . . obtained with the prototype mixer block. The ALMA requirements are 335K
Fig. 3. The waveguide structure, shown in negative, of the RF pattieof gsgp noise temperature over 80% of the band, and 500K over the entire band:
prototype 2SB mixer. The RF input is in the front, the LO input on the reag,q separation should be better than 10dB.

The large square cavities contain the matched loads.

Even a modular design of a mixer block does not automat-
lly imply ease of assembly. Therefore, additional design
riteria were defined, such as that a minimum number of
components have to be removed to replace junctions, no wires

have to be unsoldered, PCBs removed, etc.
1. DESIGN CONCEPT Because this design study targets a minimal-impact upgrade

One of the main lessons learned from the implementatioﬂtsthe currentl_y produced r_eceiver cartr_idges, compactn_ess_is
of the original 2SB mixer block is the importance of a moduldf” Important issue. Especially the optics package, which in
design, for several reasons. In the first place, because of {jg Production cartridges consists of two closely integrated
high complexity of the mixer block, involving machining Or]blocks that contain all the mirror surfaces, is an expensive and
vastly different scales, it turned out to be very difficult tgritical part. The in.itial intention is to keep the current optics
obtain blocks of satisfactory quality. Many times, in a IatQIOCkS’ possibly with minor reworking. Other parts, like the

stage of production, small mistakes or accidents happen8QlicS mounting bracket (‘cradle”) are easier and cheaper to
ruining all the machining effort that had been put in alread .anufacture again, and less effort shall be spent to try to reuse

In a more modular design, production is still critical, but th&'9S€: . _
consequences of errors will be much more contained. Other expensive or long-lead time parts are the 4-12GHz

Another serious handicap that turned up in the monolith%yogenic isolators and low-noise amplifiers. Whether these
design was the inability to replace mixer devices individuall)'?.aln _be k_ept de_pen_ds for a large part on the chos_e_q IF
To obtain a high sideband separation, not only the hybrids hag%nflguratlon, which in tum is determined by the capabilities
to be of high quality, also the junctions (especially their gai f the back-end and correlator, and., last but not least, the
must be balanced as much as possible. Removal of a mi é(?ferences of the observer community.
device from the monolithic 2SB block involved dissolving the
glue that held the device, and this turned out to be impossible IV. CONFIGURATIONS
without losing the other junction, which was only a couple of One of the requirements for any ALMA receiver cartridge
millimeters away. This made the matching of junctions a verg that the total bandwidth is 8 GHz. Currently all bands
laborious and time-consuming process. In the new designeinploying 2SB mixers output both upper and lower sidebands,
will be possible to exchange the mixer devices independentipth over a band of 4-8 GHz. Band 9 is the only production

shown in figure 4. As can be seen, even in its prototype stay
the performance is already within ALMA specs for most o
the frequency band.
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band wth DSB mixers, so there an IF band of 4-12 GHz is
required to meet the total bandwidth specification.

When moving from a DSB to 2SB scheme, two different IF
configurations can be envisioned.

« True 2SB, exporting both lower and upper sidebands, each
over 4-8 GHz at the output of the cartridge.

« Effective SSB, terminating one of the sidebands in €550
load, exporting the other one over a 4-12 GHz IF band.

The SSB option has the advantage that expensive items like
the IF isolators and cryogenic low-noise amplifiers (LNAs) can
be reused, provided that the IF output hybrid of the 2SB mixer
is of sufficient quality that a single isolator can be placed after
it, instead of two in between the mixers and the IF hybrid.

In the case of the true 2SB option, new 4-8 Ghz isolatogg 5 cross-section of the new 2SB mixer block. The RF input hom is
and LNAs have to be procured, which, although they are lesshe top, the LO horn at the bottom. Left and right of the hybrid are two
expensive than their 4-12 GHz counterparts, still constitutindard ALMA band 9 mixer backpieces, below them the magnet coils.
quite an expense, especially since four of each are needed
per cartridge. On the other hand, since 4-8 GHz components
are easier to produce with high performance than 4-12 GHz
components, the overall system noise temperature may be
slightly better in the 2SB case.

Note that in the SSB case, it is still possible to choose which
sideband is presented at the output, simply by reversing the
bias of one of the mixers. It is therefore not necessary to extend
the LO range to cover the entire 600-720 GHz RF band.

Sometimes, it can be an observational advantage to have two
sidebands some distance apart, so two widely-spaced spectral
lines can be observed at the same time, one in each sideband.
On the other hand, if the lines are less than 8 GHz apart,
the SSB option is more favorable. It should be clear that the
final decision has to be made in close collaboration with the
observing community. . _ _ _ o

There is of course a third possibility, which involves exg.'g- 6. bIE(;‘p'Odedl e of the 'E)e""kz.SB mixer, showing the way it is
porting both sidebands over 4-12 GHz. At the moment (to e >emRe to replace the mixer backpieces.
best of our knowledge) neither the back-end nor the correlator
can handle a total bandwidth of 16 GHz. However, if therﬁew

is an opportunity to extend those systems in the future, agds Lo couplers. The alignment of the waveguides to the

t12 GT(Z chSBdop_non_can bhe consuiﬁrei(i.hlt n;'g_?_t bel fea;sa: Sckshort cavity in the backpieces is done by a centering ring,
0 make the design In such a way that the additional 1Sola 0Jsproven concept used in the single-ended band 9 mixers. It
and amplifiers can be retrofitted at a later stage.

allows for easy exchange of the mixer devices without need
of any special tools or even a microscope. The backpieces
are held in place by spring-loaded retainer caps, also adapted

Since the current production of single-ended mixers fdrom the DSB mixers. The magnet coils for the suppression of
the ALMA band 9 cartridges involves testing and charathe Josephson current are integrated into the backpiece covers,
terisation of many devices, it was decided to design thegether with the magnetic field conductors that guide the field
new 2SB mixer block around the standard band 9 junction
holders (“backpieces”). These are compact, easy to mount
on a standard horn for testing and matching, reusable, and,
because of the high production volume, relatively cheap. The
mounting and unmounting of mixer substrates is routinely
done in-house. And, finally, since the junctions are in the
same RF environment as the single-ended band 9 mixers,
no new junction design is necessary; in fact, the 2SB mixer
development effort benefits immediately from improvements
and developments in the current production devices.

Figure 5 shows a cross-section through the proposed 2SB
mixer. All parts are arranged around the central hybrid blockig. 7. The new design in its assembled state.

0 band 9 backpieces mate to the waveguides coming from

V. MODULAR HYBRID - MIXER BLOCK
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that would perform satisfactorily at 4K. An in-house effort
involving a three-layer PCB to obtain a coolable®3tybrid

was somewhat successful performance-wise, but turned out to
be a real challenge to produce even in a single copy.

Since the IF hybrid performance is of key importance
to the 2SB mixer, especially in the 4-12 GHz case, we
intend to construct a new hybrid, probably based on some
form of interdigitated microstripline structure [6], made out
of a superconducting film on a high-epsilon substrate, such
as silicon. This should provide a compact and essentially
lossless device. The technology to produce these, including
the necessary bridges over the striplines is available in-house
nowadays. The intention is to integrate the DC blocks, bias
tee and eventual filter structures on the same substrate.

As an aside, a completely different solution (obviously out
of the question for an ALMA cartridge upgrade) would be
in the form of a real-time digital back-end performing the
function of the IF hybrid, in which case it would even be
possible to correct for rather large phase errors in the RF input
hybrid.

VIIl. OTHER IMPROVEMENTS

If it is decided that an upgrade of the produced cartridges
is to go forward at a future date, it would of course be a
Eg-b& The tvg_) ZSBdmixgrs fin placedin the r?figl_iga! optichS assembie T good opportunity to look for other possible improvements.

eams are diverted and refocussed onto the LO input horns. One of the most interesting ones would be an improvement

of the cross-polarization performance, which leaves something

to the junction. Figure 6 shows how the assembly is dontg. be Qe3|red n thg current .productlon cqrtndge_s. Since this
ould involve a major redesign of the entire optics package,

A few clips mounted on the top and bottom of the block¥ i K about nimal-i i d
provide pressure to the field conductors and the cable-mounfg, ¢aNNot speak about a minimal-impact upgrade anymore,
d the cost would be substantially higher. We intend, in time,

GPO IF connectors. The entire 2SB mixer block is showf" . X . . . .
resent different options, with their estimated price-tags

in its assembled state in figure 7. A few auxiliary parts, IikEO P oct. of i ol tact with the ob .
temperature sensors and DC connectors are not implemeﬁ?eéhe project, of course in close contact wi € observing

yet, since their placement depends on space restrictions arofRigmunity- Actually, since most of these things will take
the mixer, which have not been considered in detail yet. several years to develop, about now would be the perfect
' time to start voicing ideas, suggestions and requests for future

upgrades.

VI. LO INSERTION

The LO insertion into the mixer block is mainly a geomet- REEERENCES
rical problem. Two slow LO beams, one for each polarisatio _ ; ,
f d the 90 K deck of th trid d ri;% F.P. Mena, J.W. Kooi, A.M. Baryshev, C.F.J. Lodewijk and W. Wild,
are rormed on the eck orthe cartri _g_e and pass upwar Design of a side-band-separating heterodyne mixer for band 9 of ALMA
through the 12 K and 4 K decks. In the original DSB cartridge, 16th Intern. Symp. Space THz Technology, Géteborg, Sweden (2005)

they are then intercepted and horizontally focussed into tHgl F.P.Mena, J.W.Kooi, A.M. Baryshev, C.F.J. Lodewijk, G. Gerlofsma and
W. Wild, Side-band-separating heterodyne mixer for band 9 of ALMA

mixer horns by W"’.‘y of two 4q5be"’“‘nSpl'tterS' . 17th Intern. Symp. Space THz Technology, Paris, France (2006)
In the new design, the LO beams have to be diverted t@3] F.P. Mena, J.W. Kooi, AM. Baryshev, C.F.J. Lodewik, T.M. Klap-

axes diametrically opposite to the RF input horns. Because the Wik, R. Hesper and W. WildConstruction and Characterization of a
y opp P Sideband-separating heterodyne mixer for band 9 of ALL8&h Intern.

optical pathlengths are now different from the original design, = gymp space THz Technology, Pasadena, California, USA (2007)
the beams have to be refocussed before they can couple [4D F.P. Mena, J.W. Kooi, A.M. Baryshev, C.F.J. Lodewijk, T.M. Klapwijk,

the LO horns in the mixer blocks. A design concept is shown W. Wid, V. Desmaris, D. Meledin, A. Pavolotsky and V. Belitsky,
RF Performance of a 600-720 GHz Sideband-Separating Mixer with

in figure 8. Not worked out yet are the exact shapes of the All-Copper Micromachined Waveguide Mixer Blodioth Intern. Symp.
mirrors and their mounting fixtures. Space THz Technology, Groningen, The Netherlands (2008)
[5] F.P. Mena, J.W. Kooi, A.M. Baryshev, C.F.J. Lodewijk, R. Hesper,
G. Gerlofsma, T.M. Klapwijk and W. WildA Sideband-separating Het-
VII. IF HYBRID erodyne Receiver for the 600-720 GHz BaleEE Trans. Microwave

o f th lusi £ th t t Theory Techn., submitted
) _ne Y e C_OﬂC usions ) rom e mefasuremen s on . r\%] J. Lange,Interdigitated stripline Quadrature Hybrid EEE Trans. Mi-
original 2SB mixer block is that the sideband-separation crowave Theory Techn., Vol. 17, Pages 1150-1151 (1969)

performance was probably mainly limited by the quality of
the IF output hybrid [5]. No commercial hybrids were found
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