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ALMA

Antenna

64 elements 12m
+ ACA (4 elements 12m + 12 elements 7m)
Recelver

Frequency Band: Band 1—-10(43 —950 GHz)
Correlator

1 antenna: 4Gsps 3bit 8IF = 96Gbps
80 antennas: Total Data Rate — 8Tbps



ALMA Correlator (eBLC)

Correlator Specification

Specification

Number of baseband channel inputs per antenna _
3 bit, 8 level at 4 GSample/s per baseband channel
2 bit, 4 level and 4 bit, 16 level; Nyquist and twice Nyquist

Hardware cross-correlators per baseline™ 32,768 leads + 32,768 lags
Hardware autocorrelators per antenna™

; brid modes 8192 spectral points provided for each pair of baseband inputs**
Product pairs possible for polarization HH, VV, HV, VH (for orthogonal H and V)

*

62.5 MHz correlators (125 MHz clock rate), divide by 32 to get number of equivalent 2 GHz correlators
** Resulting in 8192, 4096 or 2048 spectral points across the baseband spectrum, depending on
polarization mode




ALMA Correlator (eBLC)
Block Diagram (STARRBENAITNON UNIT)
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ALMA Correlator (eBLC)

Organization Structure

NRAO/ESO
Correlation Part (NRAO)

Digital Filter (ESO)
Leader Allan Baudry (France)

Designer B.Quertier (France),
G.Comoretto(ltaly), A. Gunst & A. Bos
(ASTRON)



ALMA Correlator (eBLC)2-stage DF
2-stage DF

FIR filter FIR filter

128 taps 8 bits 64 taps
(8 bit encoded) 25 Ms/e (9 bit encoded)

Low Pass Low Pass
Digital LO
and Mixer

Complex to Real Requantization
Conversion

FIR filter FIR filter

6 bits

128 taps 64 taps
(8 bit encoded) 125 Ms/s (9 bit encoded)

Low Pass Low Pass

Digital Total

Control
Power




ALMA Correlator (eBLC)2-stage DF

Digital Down Converter, Digital Filter response (simulation)

Broad FIR decimated
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ALMA Correlator (eBLC) 2-stage DF

Digital Filter

Altera FPGA
1S25 (2 DFs) 8192 chips 1.24M$
Altera FPGA Hardcopy
1S25 (2 DFs) 8192 chips 0.65M$
HardCopy 0.16M$
SUM 0.81M$

Next, Altera FPGA HardCopy
1S60 In review




ALMA Correlator (eBLC)

64 ant. Correlator
64 ant. 2016 baselines
8IF:2-GHz BW dual polarization:
2bit correlation
32 frequency resolution points

Present Cost Estimation
12M USS$
Future: down in price



ALMA Correlato
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Corr. Quadrant
#2
LTA & Station
Controllers

Corr. Quadrant
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Dual CPU
1+ GB RAM
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Data Processing Computer
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Each compute node:

Dual CPU Athlon 2.4+ GHz

66 MHz PCI

25 MHz 32-bit data port
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Real-time Linux

Diskless 512 MB RAM
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| — > #4
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September 15, 2003



ALMA Correlator (eBLC) Software

Realtime Monitor Demonstration
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ALMA Correlator (eBLC)

First Quadrant Production

e = e
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First Quadrant Correlator
Interfaces w/other IPTs
LAB Upfit for Correlator Assembly Are
Rack, Bins, & Cables - First Quadrant
Text Fixtures (Advanced)
Assemble, Populate, & Test 1st Quad
Integrated Testing
Software Development
Shipping of First Quadrant Correlator
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ACA Correlator (Japanese)

Requirement
G I R R
We n e e d Number of max. cross-correlations _
- s |
the high
e I Number of baseband input per antenna 3 Input format 3bit, 4Gsps
Sensitivity | e
d u e to 7 m 180-degree phase switching _
Image band rgjec?iot_l (90-degree _
a n t switching)

delay compensation

Highest frequency resolution

Correlation: Number of bits

Maximum number of frequency channels
per baseband pair per baseline

Minimum integration time

Number of Sub-array -




ACA Correlator (Japanese)

Specifications

Type Num. |[Corr. CH
Ant Bit
eBLC |DHXF |64 2 bits 4096
ACA FX 16 4 bits |8192




Image Fidelity Improved by ACA (1)

SPIRAL GALAXY SIMULATION
230 GHz mosaicing

% 9

2C0O model 3CO model

Profile along cut A-B

Original —
64+ACA4SD

6445D —
64 only .




__ ACA (Torrelator_
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ACA Correlator (Japanese)

ACA Correlator ICD

ACA Correlator
ACA Correlator Software subsystem

DTS-R part | |F part X part
* FO Receiver * Delay * Correlation l..t.}f . ACA
+ DTS Digital Correction * Binning e ;"m-lrul'unr
Deformatter *FFT * Short Term [_Jm:: -
Integration s
S Processor

Control part

ACA Correlator Control Computer

ray Real Time Machine (ALMA
control subsystem)

ALMA Control System



ACA Correlator (Japanese)

ACA Correlator Production
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ACA Correlator (Japanese)

Present Status
Bid Briefing (8/6)
Bid opening (end of Sep.)
Cost performance = eBLC

Detalls
Oct. after contract




E-VLA

Exanded VLA project
® WIDAR: E-VLA Correlator
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SKA

SKA

Effective Upper Tsys AlTsys Year
Area |Frequency Finished
DSN 1x70m 2,607 8 GHz 18 145 1965
70m

1982

| ATA |350x6m| 6703 | 11GH: 2005
DSN 100 x 20@8GHz | 360
DSN 3600 x 18@8GHz | 14,400 2012
20920 | O |se@azcrz| 7:200
4550 x | 327,600 | 22 GHz 20,000 2016
12m




Sec. 7.2 Uniform DFT Filter Banks and Short-Time Fourier Analyzers

Figure 7.11 (a) Polyphase structure for the kth channel of a DFT filter bank
analyzer; (b) the total polyphase DFT filter bank structure with an FFT modulator.




SKA

Cost estimation for Big Project
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Big Project Correlator

ALMA

2 GHz BW X 8 IFs X 3 bits X 64 antennas
eBLC (including Digital Filter)

2 GHz BW X 8 IFs X 3 bits X 16 antennas
ACA Correlator (FX type)

SKA

4550 antennas
Polyphase FX (Australia)

Future ....



