











The ALMA project has a challenging goal of absolute flux calibration better than 5%, and in order
to meet this goal, has adopted a two-load calibration scheme. Very stringent performance
specifications were placed on the calibration loads, but there was also a constrained volume
available for each load: 290 mm in length, and 200 mm in diameter.

The original prototype used a traditional pyramidal array design, mounted at the base of a
cylindrical shroud. However it was found that the performance (temperature uniformity and
backscatter at low frequency bands) of these prototypes was insufficient, so that a conical load
design would be required. The need to fit such a design into a limited length lead to the
development of the current “folded cone” structure. As shown in Figure 1, this features a central
absorber cone, surrounded by a conical reflector. The space between this reflector and a secondary
absorber forms a second absorbing cavity. Finally a secondary reflector is mounted at the aperture
to direct the beam into the calibration load, and to provide thermal isolation from the environment.

Figure 1: Cross-section view of the hot calibration load, from [RD4].

In the case of the ambient load, which must operate over the whole ALMA frequency range, the
main absorber cone finishes at a sharp edge which obscures the tip of the main reflector.
Meanwhile for the hot load, which is not required in the lowest 2 bands, the secondary reflector
itself has a sharp edge and folds back inside the cone to provide additional thermal isolation.



The performance of the calibration loads is discussed in detail in the technical specification [RD1],
and the design [RD2] and test [RD3] reports. The key parameters are summarized in Table 1, and
the measured backscatter performance is shown in Figures 4—-6. Improved performance was found
at the nominal tilt angle of 2.5° rather than the loads being viewed directly head on.

Design frequency range 31-950 GHz 84 — 950 GHz
(ALMA bands 1-10) (ALMA bands 3-10)
Radiometric accuracy design goal | £0.3K +1K (at 70°C)
Backscatter design goal -60 dB -56 dB
Measured |Band 1 (31 —45 GHz) | Average -55 dB -30to-45dB ¥
backscatter (at nominal 2.5° tilt)
(S11) Band 2 (67 — 84 GHz) | Below -55 dB .50 dB 1
95 - 150 GHz Mostly below -60 dB Mostly below -60 dB
150 - 720 GHz Mostly below -60 dB i Mostly below -60 dB }
Maximum set temperature NA 90°C *
Typical mass 54kg 5.6 kg

T Performance not specified for this load and frequency.
1 Results from prototype calibration loads.
* Read-out temperature may settle a few degrees below this.

Table 1: Summary of the design goals and measured performance of the calibration loads.

The performance of a load is a function not only of the load itself but — in a time reversed view —
the radiometer’s probing beam. To give accurate results, such beams must obviously be smaller than
the active area of the load. Figure 2 gives the size of the AMLA beams (at the 1/e amplitude level)
arriving at the loads, and Figure 3 gives these sizes against the probing beam sizes in the following
S11 measurements in Figures 4—6.



Figure 2: — ALMA beam sizes as a function of frequency

Figure 3: Beam sizes used to probe the performance of the ALMA loads



Figure 4: S11 performance of production calibration loads, from
[RD3]. Spikes at 120 and 140 GHz are test artefacts due to
reduced VNA sensitivity at these frequencies.



Figure 5: S11 performance of prototype ambient calibration
load, from [RD3] / [RD4].

Figure 6: S11 performance of prototype hot calibration load,
from [RD3].
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Figure 7: Photographs of the ambient and hot calibration loads with the absorbing and reflecting
components labelled.
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At the ALMA telescopes, the calibration loads are mounted in a calibration wheel which is attached
to the end of a robotic arm. The mounting interface of this wheel is shown in Figure 10. It consists
of 10 M4 holes on a 209mm PCD, with a pitch suitable for 12 holes. The aperture end of the
calibration load in inserted through an aperture in this wheel and secured with the M4 screws which
pass through clearance holes in the load housing. The small insulating feet provide some thermal
isolation between the calibration loads and the wheel.

If a similar mounting is to be used, the central aperture must be sufficiently large to allow the
calibration load to be pass through easily. The diameter of the calibration load housing is 200mm,
so the aperture could have a diameter of around 200.5mm, or slightly larger to allow the hot load to
be inserted with the secondary reflector insulation in place. The end of the secondary reflector will
then protrude by about 65mm beyond the mounting surface..

Figure 10: Drawing of the mechanical interface of the calibration
wheel where a calibration load is mounted.
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