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WideX : 4x2 GHz BW for 8 Antennas
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Sampling : 4 Gs/s , 2-bit 4-level, 2nd Nyquist window

Time multiplexed system : Format conversion to 16 streams,
with bulk delay implemented in the Stratix3 FPGA internal
RAM @250 MHz

Correlator chip NEC 0.15um, 2048 lags, 250 MHz
Chips per board... 28

Boards per unit... 16

Correlator chip count... 1792

.... (a flavour of ALMA, but reasonably sized )
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Power estimation

OSpartan |l @Virtex 5 ENEC H0.18 um

Power

1,8

1024 1536 2048 2560 3072 3584 4096

Number of channel

WideX correlator chip : ASIC vs. FPGA (Jan,2007)
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The total power
Is 5.1 KiloWatts

Probably the last
representative of an
extinguishing species...
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128 Mbits/sec

FFT Engine Array

analog in \ © g | FFTl | FFTl
8G =
SpcS: S S | 64-channel o LFFT] [FFT]
o an' AD e | Polyphase 3 [FFT] [FFT]
Nyquist w 3 | Filter Bank £ (FFT] [EFT)
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o

+ Spectral Clipping

8192 MHz

product
electronics

computer

local interferometer configuration

One Channel is a digital stream of 16 bits@ 128 MHz
(8 bits complex) representing a +/- 64 MHz chunk
of IF frequency . The PFB delivers 64 such channels.
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128 Mbits/sec

Phase rotators array|

64-channel
Polyphase
Filter Bank

8192 MHz .

sum
electronics

analog in Q

ADC >

1st or 2nd
Nyquist w

demux /16

Channel selector

el e
=IEENE

Mark V
formatter

VLBI phased array configuration
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Some merits of channelization

Merit 1: Only the selected channels are transmitted to the
product electronics, which work at a low frequency.

Merit 2: A 1-sample digital delay behaves as a fractional
sample delay for the channel .

Merit 3: The additions for VLBI phased array mode are
performed over a single channel , where the receiver
group delays are assumed to be constant.

Bonus : Each channel can have a Total Power Detector to determine the
receiver Temperature profile across the whole IF (64 points)
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Design of a test PCB is in progress, based on :
- A 5-bit, 20Gsps ADC prototype chip, from
a « famous manufacturer based in Grenoble »

- An ALTERA Stratix IV 230 GX, including 24
8 GBps transceivers

- An initial design clock speed of 8 GHz, to be
iIncreased as high as possible.
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Overlappping Polyphase 125Ms/s
2 Gb/s Filter Bank :
| a 5 S |I —
analog in ©
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O ADC > g FPGA » outputs
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SSO s v
[ 125MHz polyphase S
o switch sync
complex t otal power
/2 config ? - detector integrator
integration A
| time ~
config /SPI Y time ~4msec
; Channel
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select ] ;'jetta"ts
6 bits a
(O Monitor & control interface
\
LabView
B —
I
DiFER 01
— Ll Digital Front End

development setup
Stage 1 i1 aug 2009 rev Jan2010
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Issues to be experimented :

- Synchronization of the 20 high speed data lines with
the ALTERA transceivers (AC-coupled)

- Data de-scrambling from the Sonet 14X+ X sequence

- Synchronization of the polyphase switch to the ADC
built-in /64 clock divider
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Power spectrum (dB)
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Filter bank design parameters:

Channels : 64

Input: 5 bits

FIR coefficients: 10 bits

Twiddle factors: 14 bits (complex)
Output full resolution: 16 bits
Output size after truncation: 8 bits

|
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Spectral Clipping
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Some merits of the « half overlap and clip »
channelization method

- Seamless stitching of the specitra.

- Naturally lends itself to polyphase implementation

- Prototype filter has few coefficients

- Backplane traffic is reduced by 2 if spectral clipping
is performed in the signal electronics.

- The product electronics work on 100% useful data.
- The computers and archive work on 100% useful data

These savings largely pay off the sacrifice
of 50% of the channels at the FFT level.

(note that doubling the number of points of an FFT engine requires little additional resource)
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From
IF Processor
B = 4GHz

Digital front End for VLBI mode

©

8 GHz clock

Antenna N 5 o o
. . .
Antenna 2
Antenna 1
Phase
Shifters
1'% S1 |
L4 L4
I
r> e
L s2 Y
64 channels T v 4
5bits 5bits/chan |
8GSPS (real) ie
TMF = 4 128 MSPS/chan 5 :‘ >e™
/ Overlapping ‘g |
Polyphase © | .
/ .\ "\ Coarse Delay n n °
ADC 7| 464 Caroction Filter Bank s L. .
4 chan E | ° °
. At = 64 samples 64 channels _‘C“ |
S |
|
2 (N s15
L4 14
|
L %15
e 28 516
Fine Delay 128 MHz (System clock) ) >
Correction L 16 channels
At = 1 sample j Complex
2x8 bits/sub

Digital Frontend (VLBI mode)

128 MHz/sub
128 MSPS/sub

For VLBI, the phase of every antenna is aligned on the
reference antenna prior to summation.

This is performed for every BBC channel
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From calibration correlator

To VLBI Phased Array
Processors

N antennas
16 sub-bands / antenna

To calibration
correlator
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A1, s1

Sub-band 16

Sub-band 2

Sub-band 1

A2, s1

From Antenna
Digital Frontends

AN-1, s1

AN, s1

VLBI Phased Array
Processor

Xsum,s1

2x8 bits
Complex
128 MHz
128 MSPS

Conversion to 32MHz VLBI bands

Complex to Real

H(z)
i Xs1,UsB
FIR filter I s,
Low Pass lz 4 Re{} 2 bits >
2 bits
we = /4 32 MHz
. . 64 MSPS
-inTi/4 jmm/2
— e e Complex to Real
H(z)
N FIR filter N i Xs1,LSB
r? Low Pass lz '? Re(} 2lilis 2 bits ‘
— 32 MHz
' W = T4 64 MSPS
e jnTr/4 ejmT1/2

To Mark 5B+(5C)
Recorder

16 sub-bands
2 sidebands/sub
Real
2 bits/sample
32 MHz/sideband
64 MSPS/sideband
Global rate = 4Gbits/sec

Summation is performed on Complex Data then converted to Real
32 MHz USB and LSB basebands, later truncated to 2-bit for Mark 5
formatting and recording.
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- Diagram for smaller VLBI basebands
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Practical results expected 2010 Q4

To be followed by a 2nd version,
targeted at interferometry :

- Synchronization of two ADC’s
- Fine delay system test
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