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Executive Summary 

 
In SKA Memo 93 we introduced the main concepts of the SKADS vision for the SKA. 
Following a specifications review by the international project, culminating in the publication of 
a preliminary ISPO/SPDO specification for the SKA (SKA Memo 100) we have revised the 
SKADS vision to keep it in line with the international expectations for the SKA. Essentially, 
the SKADS vision of the SKA matches the Phase 2 Aperture Array scenario (option 3c) of 
Memo 100.The resulting system design is described in detail in this document and we also 
highlight the way in which some parameters are likely to drive the system design and costs. 
In this work we do not consider the Phase 1 SKA design because the Aperture Array 
collectors do not feature heavily in the Phase 1 design.  
 
This work has been conducted using information from throughout the SKADS project and 
using some costs from the early costing tool, SKACost. SKADS is currently working in 
collaboration with the SPDO to develop a more sophisticated costing tool: this has not been 
used to determine the costs and scaling relations in this document, instead we have used an 
updated version of the spreadsheet approach that was used in Memo 93. In future, it is 
anticipated that the new costing tool will be used to determine cost and performance trade-
offs with greatly improved functionality compared to a spreadsheet.  
 
In essence, the SKA Phase 2 AA Scenario consists of two different collector types: dishes 
and aperture arrays. There are about 2,400 dishes, each 15m diameter with wide-band, 
single pixel feeds which cover the frequency range from 700 MHz to 10 GHz, and have a 
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bandwidth of 4 GHz. Half of these dishes are within the 5km-diameter core, one-quarter are 
between the core and 180 km (radius) and the remaining quarter are spread out from 180 km 
to 3,000 km radius.  
 
The aperture arrays collectors consist of two types: low-frequency sparse antennas 
functioning from 70 MHz up to 450 MHz (the AA-lo) and mid-frequency close-packed 
antennas (the AA-hi) working from 300 MHz up to 1 GHz. To achieve the target sensitivity, 
with assumed receiver temperatures for the AA-lo and AA-hi of 50K and 30K, respectively, 
250 arrays of antennas are used; for the AA-lo, each array is 180m diameter and for the AA-
hi each is 56m diameter. The AA collectors are spread out over 180km in radius from the 
core of the SKA, with two-thirds of the collectors for the AA-hi and the AA-lo situated within 
separate but nearby cores of 5km diameter. Outside these cores the arrays are co-located so 
that a single AA ñStationò consists of an AA-hi array, an AA-lo array and the processing for 
both of these: there is then one data link per AA Station, taking the data back to the 
processing facility and enabling either AA-lo data or AA-hi data, or a combination of both to 
be used. 
 
We have assessed the scientific potential of the SKA Phase 2 AA Scenario and find that it is 
likely to be adequate for all key science projects apart from the Cradle of Life, and that with 
the large field-of-view of the aperture arrays it should perform as an excellent survey 
instrument. 
 
In addition to considering the costs of components within this specific design we have studied 
the ways in which certain parameters are likely to affect the cost. One of the most critical 
single parameters for the AA-hi is the receiver temperature, Trec, since this is the major 
contributor to the system temperature Tsys in the AA-hi frequency range. If low noise, well 
matched amplification systems can be produced  that give a 10% improvement in the total 
system temperature then there is a proportionate saving in collector requirements which 
translates across the board,  reducing not only the antenna and beamforming costs but also 
the analogue and digital data transport costs and the correlator costs. Conversely, for a fixed 
budget, if an appropriately low Tsys cannot be achieved, the sensitivity of the SKA will be 
compromised. 
 
The layout described in SKA Memo 100 is vague about the placement of dishes and aperture 
arrays outside the core: a study in this paper has found that the data transport costs can vary 
by a factor of two for the Aperture Arrays, whilst in all cases meeting the proposed layout 
specifications but changing the emphasis placed on sub-10km distances. It is crucial that the 
trade-off between station position and data transport costs is carefully addressed in future 
work since the impact on cost can be significant. 

Overall, the work done in the preparation of this document suggests that the AA Scenario 
remains a realistic option for the SKA: of the costs that we include here we have make a total 
estimate of the cost as ú1.5 Billion (NPV). There are some significant costs missing from this 
estimate, namely, infrastructure (roads, buildings: we do include infrastructure costs for the 
dish mounts and the aperture array antenna support structures), software development and 
project management. We also only include the cost of one correlator system (estimated from 
the SKACost tool) whereas it is possible that the different requirements of the AA and Dish 
systems may require separate correlators. 

So, although the total cost of an SKA would come out above the target budget of ú1.5Bn 
NPV, the total is close: future developments are likely to lower the costs of components, 
particularly work on mass production of the AA-hi antennas. Currently the AAs give sensitivity 
30% higher than the target sensitivity on boresight, so it is possible that the collecting area 
built could be reduced whilst maintaining much of the desired scientific capabilities. Aperture 
arrays working in the sub-1GHz band remain an exciting option for the SKA, with the potential 
to deliver excellent survey speeds and flexibility beyond the capabilities of single pixel feed 
dishes or focal plane arrays. 
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1. Introduction 

 

This document is the second in a series of papers describing the design and cost modelling 
of the SKADS Benchmark Scenario. The SKADS Benchmark Scenario is one realisation of 
an SKA system design. Since the publication of the first paper in this series (SKA memo 93), 
the international SKA project has started a specifications review ï one of the three options 
being considered is similar in concept to the original SKADS Benchmark scenario although 
with important differences. In this paper we present an update of the Benchmark Scenario, 
which has been modified to bring it into line with the proposals in the international project: 
specifically option 3(c) proposed by the SKA Specifications Tiger Team in SKA memo 100.  

In section 2 we review the overall SKA specification used in this document; section 3 gives a 
summary of the scientific critique of the design. In section 4 we present the outline costs from 
the various design blocks and as a complete system and in section 5 we analyse the way in 
which these costs will scale with various parameters. In section 6 we discuss the 
interpretation of the specifications and the design concepts in more detail. Section 7 
introduces the costing methodology we adopt and in section 8 the specific design choices 
used in this costing round are presented. 

 

2. Specification Overview 

 

In this document we discuss a system design, cost estimates and scaling arguments for an 
SKA realisation that represents option 3(c) discussed in SKA Memo 100. This realisation 
comprises three different collectors covering different, but overlapping, frequency ranges. 

The target specification is shown in §12.1. To meet the full frequency range of the SKA, it is 
necessary to use multiple collector technologies; for the lowest frequency range up to 
approximately 450 MHz the system temperature is dominated by sky noise. A sparse 
aperture array is the only viable collector technology which provides an increasing effective 
area with increasing wavelength, thereby partially mitigating the effects of increasing sky 
noise. All proposed realisations of the SKA employ such a sparse aperture array. Moreover, it 
is also clear that at the higher frequencies from ~1.5 GHz upwards the only viable method of 
obtaining the necessary effective area is to use some form of concentrator and hence this 
frequency range is always covered by mechanical reflectors, typically parabolic dishes. 

A key requirement of the SKA is high survey speed, particularly for the detection of neutral 
hydrogen using the rest-frame 1,421 MHz line. This becomes increasingly difficult even at 
modest redshift (zÓ0.5), corresponding to approximately 1 GHz, due to the weakness of the 
emission and the large distances involved. Survey speed depends on sensitivity, bandwidth 
and observed field-of-view (FoV): maximising the combination of these parameters is clearly 
important. Indeed the SKA, being a survey instrument, needs a wide FoV at all frequencies to 
complement high sensitivity. 

The approach used in the original SKADS Benchmark Scenario was to choose the upper 
frequency of phased aperture arrays to match the survey speed requirement of the very deep 
observations starting at ~1 GHz and then to choose a dish configuration for higher 
frequencies which provided simplicity and maintained reasonable survey speed. By limiting 
the low frequency requirements for the dish to 700-900 MHz a relatively small reflector of 
6.1m diameter was selected. 
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Since the first version of the benchmark scenario was published the international project has 
considered in detail a range of possible SKA realisations and associated specifications. This 
has resulted in the specification of a larger antenna diameter of 15 m. This solution has been 
chosen to be common to all possible realisations of the SKA system ï it is a compromise 
between optimal solutions if the SKA were to consist either of just dishes with single pixel 
feeds or just dishes with some fraction equipped with phased focal plane arrays. There are a 
number of practical advantages to adopting a 15-m antenna as the high-frequency 
component of the SKA realisation which includes a mid-frequency aperture array: 

¶ The dish acts as a risk mitigation in the event that the mid-frequency AA cannot be 
delivered to cost 

¶ The common dish specification across all realisations of the SKA enables much 
greater flexibility of planning and design for the phased deployment of the telescope. 

 

The aperture array is split into a low frequency (70 MHz ï 450 MHz) dipole array and a óclose 
packedô mid-frequency array working from 300 MHz to 1 GHz. The low-frequency dipole array 
(the AA-lo) gives low cost collectors and a large collecting area. It is the mid-frequency 
aperture array (AA-hi hereafter) which is the main technical development in SKADS.  

The collectors used in this Benchmark Scenario are shown in Table 1. The frequency ranges 
of the three collecting types are chosen to overlap in order to ease calibration and to enable 
two collectors to be used together in the frequency overlaps. 

Table 1: Overview of the SKA specification used in this document 

Freq. Range Collector Sensitivity Number / size Distribution 

70 MHz to 
450 MHz 

Aperture array 
(AA-lo) 

4,000 m
2
/K at 

100 MHz 
250 arrays, 
Diameter 180 m 

66% within core 
5 km diameter, rest 
along 5 spiral arms 
out to 180 km radius 300 MHz to 

1 GHz 
Aperture array 
(AA-hi) 

10,000 m
2
/K at 

800 MHz 
250 arrays, 
Diameter 56 m 

700 MHz to 
10 GHz 

Dishes with 
single pixel 
feed 

10,000 m
2
/K at 

1 GHz 
2,400 dishes 
Diameter 15 m 

50% within core 
5 km diameter, 25% 
between the core 
and 180 km, 25% 
between 180 km and 
3,000 km radius. 

 

The AA-hi (300 MHz to 1 GHz) is almost identical in scope to the ñMid-Freq AAò that was 
discussed in SKA Memo 93: we have updated costs to take in the latest technological 
advances and updated the data transfer rates. To simplify this initial cost model, we have 
chosen to base the mid-frequency collector elements on Vivaldi antennas spaced at 21 cm 

(0.7l for the maximum 1 GHz frequency). This design choice was made because the SKADS 
consortium already has considerable experience in using Vivaldi horns arranged in a similar 
manner. In practice this is likely to represent a óworst caseô design because any array 
sparsing, high-volume manufacturing methods, or increased performance of the elements will 
lead to a reduction in SKA cost. 

The AA-lo (70 to 450 MHz) did not feature significantly in Memo 93: costs were taken from 
the LOFAR antenna design and scaled up in number. In this round of the costing work we 
have taken the AA-lo into consideration more carefully: our antenna costs are based on a 
single antenna element designed to work across the full 7:1 frequency band. We have not 
optimised the design of this antenna as yet: significant work will be undertaken on this subject 
within the SKADS and PrepSKA projects. However, it is important to include an AA-lo design 
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since this array is complex and sizeable and therefore likely to require a significant fraction of 
the budget ï much more than the ú40 million (2012) assigned to it in Memo 93. 

The dishes are very different in size to those in Memo 93, at 15 m with prime focus, 
compared with the 6.1 m diameter offset reflectors of Memo 93. In this document we simply 
take the dish costs from the SKAcost code (see SKA Memo 92) to enable comparison 
between the overall cost of the dishes and the aperture arrays, and an estimate of the total 
SKA cost.  

The specified performance for the SKADS Benchmark Scenario is laid out as option 3(c) in 
SKA Memo 100. Key parameters have been set as follows:  

 

ü The receiver temperature for the collectors has been set at: 

o Low-frequency aperture array (AA-lo): Trec = 50 K:  Tsys is limited by sky noise 

o Mid-frequency aperture array (AA-hi): Trec = 30 K , giving (e.g.) Tsys = 37.3 K 
at 800 MHz 

o Wide-band feeds: Trec = 30 K  

ü Sensitivity: we have adopted sensitivities from SKA Memo 100: 

o AA-lo: 4,000 m
2
K

-1
 at 100 MHz, 

o AA-hi: 10,000 m
2
K

-1
 at 800 MHz, 

o Dishes: 10,000 m
2
K

-1
 at 1 GHz. 

ü Field of View:  

o AA-lo: The available data rate will be equivalent to 200 degrees
2
 across the 

band from 70 MHz to 450 MHz, 

o AA-hi: The available data rate will be equivalent to 250 degrees
2
 across the 

band from 300 MHz to 1 GHz, 

o Dishes: The natural FoV for a 15m diameter dish is approximately 
1 / (freq/1GHz)

2
 square degrees. 

ü Concentration of collecting area: In the costings that we present here we 
take the basic layout suggested in SKA Memo 100, limiting the distance out 
to which AA stations are placed to 180 km radius from the core. The dishes, 
which extend out to 3,000 km are distributed along 5 spiral arms out to 
180 km (along with the AA stations) and then along 3 spiral arms that extend 
from 180 km out to 3,000 km radius for the dishes alone. See Table 2 below. 
In addition to this we have further concentrated the AA stations toward the 
core as is discussed in section 0. 

ü Dynamic range: we expect to meet this performance requirement of the 
SKA by using well-understood prime-focus dishes with single pixel feeds and 
aperture arrays with an unblocked aperture, physical stability and 
considerable scope for calibration in many narrow frequency bands. 
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Table 2: Layout of aperture arrays and dishes. 

 

2.1. Overall SKA Design in this model 

In this document we consider the SKA to be made up of three collector technologies, 15-m 
dishes, AA-lo collectors and AA-hi collectors.  

The overall SKA layout is shown schematically in Figure 1 and Figure 2. There are separate 
cores for the three arrays, offset by about 3 km from each other. In the longer term, 
consideration will be given to integrating the core more closely to determine if a more 
effective system can be designed but in this document we take a generic layout to give us an 
initial costing. 

For this document we assume that the two AA cores are made up of discrete blocks, which 
are the same blocks that form the AA stations outside the core: i.e. in the AA-lo core there are 
many ñarraysò of AA-lo elements, each array 180 m diameter, similarly in the AA-hi core there 
are many ñarraysò of AA-hi elements, each 56 m diameter. Within the cores the collectors 
remain separate: the AA-lo data and AA-hi data are transported separately back into the 
central processing facility. Outside of the core the Aperture Array is formed of stations, each 
station having one 180 m AA-lo ñarrayò and one 56 m AA-hi ñarrayò. Some of the data 
processing is shared between the two technologies and the same links are used to transport 
the data from either the AA-hi or the AA-lo (or a combination of the two) back to the CPF. 

The trade-off in total number of stations, station size, SKA sensitivity and FoV is still a subject 
of considerable investigation and simulation within SKADS and the wider SKA project. 
However, a preliminary number and distribution of stations is required for the costing 
exercise. Two immediate competing considerations are (a) that there are sufficient stations to 
provide good aperture plane coverage which is essential to reach the required dynamic range 
and (b) that the sensitivity of each station is sufficient to enable the station to be calibrated. 
250 stations distributed according to the SKA specification meets this need, and leads to a 
station ñarrayò size well-matched to the needs of calibration. 

Collector Dishes Aperture Arrays (AA -hi and -lo) 

Placement in array, out 
to certain radial distance. 

Fraction of 
collector 

within this 
radial 

distance 

Number of 
dishes within 

this radial 
distance 

Fraction of 
collector within 

this radial 
distance 

Number of 
stations 

within this 
radial 

distance 

Inner Core 0.5 km 20% 480 30% (AA-hi) 
12% (AA-lo) 

75 (AA-hi)  
30 (AA-lo) 

Outer Core 2.5 km 50% 1200 66% 165 

5 spiral arms 180 km 75% 1800 100% 250 

3 spiral arms 3000 km 100% 2400 - - 
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Figure 1: Overall SKA layout 

 

 

Figure 2: Core Layout Schematic 
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