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RF	spectrum at RX	input	(50-350MHz):
-43.6dBm	(SKY	would be	-46.7dBm)

Tsky = 60 ⋅λ
2.55

RFI	levels ML	corrected
Transducer gain
Antenna+LNA

RX WP input data – Input RX Level



RX WP input data – ADC end
As	outcomes	by	Comoretto et.	al.	the	optimal	power	level	at	the	ADC	input	
is	17.5	ADU	rms (Analogue	Digital	Units)	which	corresponds	to	-14.7dBm	
assuming	an	impedance	of	400Ω	and	a	full	scale	voltage	of	1.7Vpp for	our	
specific	ADC.

Considering	the	aforementioned	power	level	of	-14.7dBm	at	the	ADC	
input,	this	means	that	the	PREADU	board	has	to	deliver	an	RF	power,	on	a	
50Ω	load	of	-2.7dBm	(12dB	is	the	loss	conversion	due	to	matching	and	
single-ended/differential	conversion)



RX Analysis - Gain

LNA RX ADC

18	ADU

BPFB
ID=BPFB1
N=3
FP1=500 MHz
FP2=1500 MHz

50-375MHz



Tsky = 60 ⋅λ
2.55

KKTT skyceiver 4440%10Re =+=

TReceiver = TLNA +10%TLNA =1.1⋅TLNA = 44K

TLNA =
TReceiver

1.1
= 40K

NFLNA= 0.56 dB 

Baseline	assumptions

RX	WP	assumption

Calculation	performed	@350MHz

Maximum	LNA	NF@350MHz	allowed	to	reach	specs	

Receiver Analysis - Noise Figure
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Considering	AD9680	case

NFRX = 21.4dB

RX Analysis - Noise Figure



REF- REQ	SKA	#2653:	The	level of	spurious products generated by	the	
SKA1_Low,	in	the	presence of	signals representative of	the	expected
RFI	environment [AD2],	shall degrade the	expected thermal noise
floor of	a	1000	hour	integration by	no	more	than 10%.	

RX Analysis – Linearity

RFI	levels corrected for	ML
and	LNA	transducer gain



Receiver WP – Updated L3RX Analysis – IMs and HDs
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PIMD2 = 2PRFI − IIP2 ≤ PN−System
⇒ IIP2 ≥ 2PRFI −PN−System

RX Analysis – IIP2 and IIP2



Considering all RFI	100%	persistent

RX Analysis – Linearity



Receiver WP – Updated L3

Persistant (100%)	satellites based 242-272MHz

Intermittent Orbcom (137MHz)	70%

3	FM 80%,	3	FM	40%	and	4	FM	20%

and

216MHz	only during (rare)	strong	ducting events

IIP2RX ≥	-3.1dBm

RX Analysis – Linearity



AAVS1	shall be	designed such that 95%	of	the	
time	the	performance	of	the	system will not be	
affected by	terrestrial electromagnetic
radiation at any frequency.	
Parent requirement:	SKA1-SYS_REQ-2467

The	worst RFI	in	terms of	in-band	power/intermodulations/harmonics comes from	
space (Orbcom Satellite	at 137MHz)

R163 AAVS1 requirement



RX	Chain
SKY/50Ohm	Switch

Filters
Bank

31dB/1dB
Step

Attenuator
1st	Gain
Block

2nd	Gain
Block

Equalization/PAD

New	RF	switches from	Peregrine	
(PE4251)	and	new	DSA	from	

RFMD	(RFSA3714):	cheaper and	
easier to	procure	than Hittite	

and	Minicircuits ones

20mA	more	in	the	
FE	Gain	Block in	

order to	improve IP2	
at 10Km



In	order	to	check	the	performance	of	the	
system	in	terms	of	dynamic	range,	with	
Genesys we	computed	the	spectrum	at	
the	RX	output	considering	the	strongest	
RFI	peaks	present	at	its	input.

RX	Linearity



RX Relevant Specifications



Slides di	riserva



Receiver WP input data – RFI

RFI	levels corrected for	ML
and	LNA	transducer gain



Receiver WP input data – Trasducer Gain



Block Simulation (only RX)



  

ADC resolution and quantization noise

ADC requirements:

● Immunity to RFI

– RFI integrated power > sky 

power

● Good linearity

– Deviations from linearity < -50 

dB 

● Low added noise

– Goal < 0.5% of total, at all 

frequencies

– Requirements on spectral 

flatness



  

ADC linearity

Response of an interferometer to a Gaussian correlated signal

● Gain variations (mainly clipping) for input RMS < 14% full range

● Distortion of the cross correlation for input RMS < 16% full range

● For 8 bit ADC: RMS < 37 ADU

● Added noise: 1/12 ADU2 – larger for less eff. Number of bits

Scale (gain) error
 and cross correlation 
 nonlinear terms as a
 function of input level



  

ADC linearity
● Input optimal level ~ 18 ADU to leave room for RFI variations

● Spectral slope causes ~ 1% added noise at > 250 MHz

● “Whitening” 1/f2 network can correct the sky spectral slope

● Receiver chain bandshape should be flat at ± 6 dB

Quantized spectrum
 total SNR 
5% added noise=23 dB SNR


