
Integrated receivers for mid-band SKA

Suzy Jackson
Engineer, Australia Telescope National Facility

ASKAP/SKA Special Technical Brief – 23 rd October, 2009



CSIRO. Integrated receivers for mid-band SKA

Talk overview

• Mid band SKA receiver challenges
• ASKAP as a bridge to SKA

• RF-CMOS proof of concept receiver
• Proposed integrated receiver for mid-band 
SKA 
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SKA in a nutshell

• 1 km2 of collecting area at 1.4 GHz
• €2bn estimated cost
• 70 MHz – 10+ GHz frequency coverage
• Multinational collaboration

• Three different complementary reception schemes:
• Aperture array for low band (70 – 500 MHz)
• Phased array feed for mid band (500 – 2000 MHz)
• Single-pixel feed for high band (2 GHz and up)
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Mid band SKA (from a receiver viewpoint)

Some large numbers:

• Collecting area 1 km2 
• Field of View 20 deg2
• Sensitivity 7000 m2/K
• Survey Speed 1x109 m4/K2.deg2
• Observing frequency ~500 – 2000 MHz
• Processed Bandwidth >300 MHz

• With dish diameter of 15 m

• Number of dishes 2000 
• Focal Plane Phased Array ~400 elements
• Phased Array data rate ~2.5 terabits/s

• Total no. receivers required ~1 million
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Phased Array Feed (ASKAP prototype)

• Connected checkerboard array
• Self-complementary screen (Babinet’s principle)
• High-impedance, differential  Zij = f(Zi±n,j±n,n,¦ ,…)

Patches Transmission lines

Ground plane

Digital beamformer

Low-noise
amplification
and
conversion

Weighted sum of inputs

Currents



CSIRO. Integrated receivers for mid-band SKA

Mid-band SKA receiver design challenges

• Cost
• €20 per receiver is ~ €20 million across the SKA

• Size and weight
• Total PAF weight limits of 200 kg (for ASKAP antenna) = 500 g per 

receiver

• Power consumption
• Dictated by weight – for example 1 kW per antenna = 2.5 W per 

receiver

• RFI minimisation
• Manufacturability
• Performance

• Extremely low Tn

• Very wide RF and IF bandwidths

• High dynamic range
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Non-integrated solutions for ASKAP prototype

Bias circuits

Low-noise 
Amplifier

RECEIVERRECEIVER
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A/DFrequency
Conversion*

Focus

For SKA we want to go from this (ASKAP)

PedestalCable wraps

LNA

RF gain 
RF filters

*Dual conversion

RF on copper

• Frequency conversion and sampler in the pedestal

• Analog RF signal transmission over coaxial cable

• Dual conversion (superheterodyne) receiver
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A/DFrequency
Conversion*

Focus

To this

PedestalCable wraps

LNA

RF gain 
RF filters

*Direct conversion 
I&Q 

Sampled IF
on optical fibre

• Frequency conversion and sampler at the focus

• Digital IF signal transmission over fibre directly to beamformer

• Direct conversion I/Q receiver
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Proof-of-concept RF-CMOS receiver

• Developed from 2004-2008
• 0.18µm RF-CMOS

• 300 – 1700 MHz RF range
• I/Q direct downconversion with 300 MHz (2 x 150 MHz) IF 

bandwidth
• Dual 6 bit ADCs

• Noise cancelling input amplifier
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Proof-of-concept RF-CMOS receiver

3.5mm x 2.75mm

LNALNA
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Proof-of-concept receiver results

• RF CMOS performance quite good for mid-band use
• Tn ~180K (2dB) mid-band.  Useable over 200 MHz – 2GHz

• Exceptional I/Q amplitude and phase match (0.1dB and 1 degree)

• Isolation between LO and sample clock signals and RF very 
good, but some sample clock leakage still evident.

• 5th harmonic of 256 MHz sample clock -78 dBm at RF input.

• ADC problems
• Clock to digital output noise coupling limits operation to 150 Msps.

• Receiver showed the value of implementing the LNA as a 
separate circuit.

• Reduction of LO and sample clock leakage.

• Prevention of physical LNA heating from high power circuitry 
dissipation (ADC).
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Proposed integrated receiver

• Direct-downconversion I/Q architecture with divide-by-4 LO
• Single out of band LO required
• I/Q amplitude and phase match expected to be adequate to ensure 

40 dB image suppression

• Implementation of whole receiver from LNA output to ADC input
• Including LO synthesiser and all filters
• Minimal external components and cost
• LNA off-chip for minimum Tn and maximum flexibility
• Off-chip ADC to reduce development cost
• Includes high power ADC drivers

• Maximum flexibility
• RF and baseband gain adjustable
• RF filter selection switches (including bypass)
• Baseband filter selection
• Power level monitoring in RF and baseband
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Integrated receiver block diagram
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Target specification highlights

• 250 MHz to 2500 MHz RF range. 
• Onboard by-passable RF filters –

700 MHz HP and 1200/1800 MHz LP.

• 50 K (0.7 dB) input Tn (w/ ext. LNA). 
• I/Q direct quadrature down conversion

• selectable instantaneous bandwidth up to 600 
MHz.

• 40 dB dynamic range.
• Due to tight I/Q amplitude and phase matching

• Onboard LO synthesiser and ADC driver.
• Plenty of RF and BB gain adjustment:

• 34 – 59 dB RF gain range, 5 dB steps.

• 8 – 20 dB BB gain range, 2 dB steps.

• Compact 6mm square QFN package.

• Low power (target < 5 W).
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Proposed initial Silicon-on-Sapphire development

• 250 MHz to 2500 MHz RF 
range.

• I/Q direct quadrature down 
conversion with selectable 
instantaneous bandwidth 
up to 600 MHz.

• 40 dB dynamic range.
• Onboard ADC driver.
• 8 – 20 dB BB gain range, 

2 dB steps.
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In context

• Allows entire receiver to be housed behind feed
• Lightweight and compact
• Low power
• Low cost (minimal connectors and cabling)
• RF in, digital fibre out.

Digital fibre
Out

Receiver 
cards

LNAs

PAF 
elements
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Potential commercial applications

• Front end for low-cost portable FFT spectrum analysers and 
communications test equipment.

• Wide-band spectrum monitoring, with the ability to capture 600 
MHz of RF spectrum in one swoop.

• General purpose ultra wide-band, low-noise, low-power RF 
front end systems
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