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2 INVESTMENT IN YOUR FUTURE
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*HAT-Lab is a spin-off company endorsed by INAF,
set in July 2009

‘HAT-Lab main task is to produce DBBC back-
ends in close collaboration with IRA and MPI

* Production activity is shared between Italy
(Catania and Noto) and Germany (Bonn)

* Development of new VLBI components and
equipment in collaboration with EVN partners



Station
MNoto
Effelsberg
Onsala
Yebes
Wettzell
Torun
Metsahowi
Hartebeesthoek
Medicina
Westerbork
Jodrell Bank
Cambndge
Svetloe
Zelenchukskaya
Badary
Urumaqi
Shanghai
Arecibo
Robledo
Sardinia
Simeiz
Venspils

Evpatona

DEBC

Available (to be upgraded VLEI2010)
Available

Available

Available

Available 3 (to be upgraded UNICA4)
Available

Ordered (to be delivered in few weeks)
Available 2

Ordered (to be delivered in September)

Ordered

Available

Available

Comment

FILA10G order under way
FILA10G available
FILA10G ordered
FILA10G order under way

FILA10G ordered
FILA10G available 2
FILA10G ordered

Own semi-digital system

Own semi-digital system

Own semi-digital system

Own digital system

FILA10G ordered + own digital system
RDBE

FILA10G available

Second system with FILA10G to be ordered



Hardware architecture
DBBC2

IFn (MHz)
1~512, 512~1024,1024~1536, 1536~2048
or
1~1024, 1024~2048 MHz

IF labcd IF 2abed IF 3abed IF 4abecd
AGCCS AGCS ACCY ACCS
Filier Filter Filter Filter

[

H-Maser 102472048 MHz Synthesizer -
Distributor FS PC Interfaces




Hardware architecture
DBBC2010 Architecture
A 8 IFs (@ 512 MHz Output data rate 16 Gbps

IFn (MHz)
1~512, 512~1024,1024~1536, 1536~2048 2 x 8 Gbps
Glass/Copper
IF labed IF Zabcd IF 3abcd IF 4abed
lIF 5abed lIF fabed l[F Tabed lIF 8abed
AGC/ AGCY AGC AGC/
Filter Filter Filter Filter FILA

B

PCI
Interfaces

H-Maser, 1024/2048 MHz Synthesizer
Distributor FS PC




Hardware architecture
DBBC2010 Architecture
A 8 IFs (@ 1024 MHz Output data rate 32 Gbps

IFn (MHz)
0~1024, 1024~2048,2048~3072 MHz 4 % B Gbps
Glass/Copper
IF labed IF 2abed IF 3abcd IF 4abed

! !

I AGC! AGCY
Filter Filier

FILA
| | 106

FILA
Vsl
ouT Sl ok

L L

H-Maser 1024/2048 MHz Synthesizer
Distributor FS PC

PCI
Interfaces




DBBC2
Schematic Top View

Fila ADBoard mip - max 8




Review of the System Components

o-Analog Conditoning Module

o-Analog - Digital Converter (ADBoardl - ADBoard?2)
o-Bata Processing (CoreBoard?2)

o-connection and Service (FiLalIN/OUT - FiLal1l0G)
o—HmMing and Clock (CaT1/2 — Clock and Timing Boards)
o-computer Control (PCSet)






.,, ,._ \
TRLERANNN
__.,_.._./W,._...,,,
TATLYY98 Y
",/J.,_.J’ 1415
A1

1 )
B

.,.4. ...,.,—.
PAAAARRAAD

Jl)/oocdp;.o
\ . 1 )
1 |

|

_."..

./ ,

'.

\

/_, '
1)

LY
| \ BRARR
LA
SRR AY -

.




How the DBBC is to be connected in your control room

10 MHz

H-Maser VSI-H
1PPS

1PPS test out

80 Hz cont cal
monitor
keyboard
mouse
network

RF/IF input



Conditioning Module (Unica3)

4 selectable RF input

4 selectable Nyquist filters
32 dB programmable attenuation
Total power full band

Manual or automatic gain control




ADBoardl

Analog to Digital Converter

Analog input: 0 - 2.2 GHz

Max Sampling clock single board:
1.5 GHz

Max Istantaneous Bandwidth in
Real Mode: 750 MHz

Max Istantaneous Bandwidth in
Complex Mode: 1.5 GHz

Output Data: 2 x 8-bit @ % SClk DDR



ADBoard?2 Analog to Digital Converter
Analog input: 0 - 3.5 GHz

Max Sampling clock single board:
2.2 GHz

Max Istantaneous Bandwidth in
Real Mode: 1.1 GHz

Max Istantaneous Bandwidth in
Complex Mode: 2.2 GHz

Output Data: 2 x 8-bit @ 4 SClk DDR
4 x 8-bit @ 1/8 SClk DDR

Piggy-back module support for 10-bit output
and connection with FiLa10G board.




Core2

Basic processing unit

Input Rate:

(4 IFs x 2 bus x 8 bit x SCik/4 DDR) bis
(2 IFs x 4 bus x 8 bit x SCik/8 DDR) bis
More...

Typical Output Rate:
(64 ch x 32-64-128) Mbis

Programmable architecture

Es. Digital Down Converter:
1 CoreBoard2 = 4 BBC

Max Input/Output Data Rate 32.768 Gbps




FiLa Board

Connection and Service

1 First and Last board in the stack

First:
Communication Interface
JTAG Programming Channel
1PPS Input

COETRETE . Last:
| no 2 VS| Interfaces
h J DA Converter
1PPS Monitor Out
80Hz Continuous Cal Out

140



ADLink PCI9111HR:

Communication with Conditioning Modules
for IF total power measure, automatic gain
control, registers control, etc.

ADLink PCI7200:

Communication with 32-bit bus for Core2
register setting, total power measurement,
state statistics, etc.

Adventech PCI-7030:
Half Size PCI Motherboard (Intel Atom)

on PCI backplane

Xilinx programmer:
FPGA device configuration
through USB - JTAG interface
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FiLal0G

10G Optical Fiber Ethernet Board

= Triangle connection between HSI (DBBC fast
sampled data bus) — VS| - 10Gb link

m |t can be placed either at the be inning or at the
end of the stack chain = 10G link / MK5

mPiggy-back board for ADB2




FILA10G main features

Two independent 10G Ethernet UDP port

Physical interface optical XFP

10G port fully bidirectional

Installed inside the DBBC box or as stand-alone

Data rate: 1 —2 — 4 — 8 Gbps each 10G port

Format mode: MKS3B in two 5008 bytes packets
VDIF-ST in any allowed packet size
VDIF-MT corner turned under development



~~“Connection examples

* 2 x VSI --> MK5C & 10GE net

2xVSI

* 2 x VSI --> MK5C & MK5B

2x\VSI

FILA10G

= ==p 10 Nnet

_--}

FILA10G




Observing Modes

General Features (today)

* 4/8 RF/IF Input out of 16 (4x4) in a range up to 2.2 (3.5) GHz
* 1024/2048 MHz sampling clock frequency
* More personalities for more observing modes

» Four/eight polarizations or bands available in 4 groups of 32
output data channel, each group max 4 Gbps output data rate

* Output from the FILA OUT to FiLal0G Ethernet card max as 2 x
4 Gbps, 8 x 4 Gbps from Core2 piggy-back (ask if required)



Observing Modes (today)

 DDC:

tunable, channel bandwidth between 1 MHz and 16 MHz, U&L,
Continuous cal with 80 Hz synchronization, mode ’astro’, ‘geo’,
‘w-astro’, ‘lba’, ’test’

 PFB:
fixed tuning, channel bandwidth 32 MHz, all U or L depending on
the Nyquist zone

* DSC:
full 4 x 512 MHz , max 8 x 1024 MHz band direct sampling

« SPECTRA:
16K channels spectrometer






DDC - Digital Down Conversion
to Base Band of Independent Channels

R 0101010001001000
. 010100101010101004
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80 Hz Continuous Noise Calibration

NENRRRRRRRERNREE
80 Hz enable for the Rx
noise diode

cont_cal=off
dbbc01=567.99,a,8,1,agc,10,10,3480,3628,0,0
dbbc02=715.99,a,8,1,agc,10,10,3129,2997,0,0
cont_cal=on
dbbc01=567.99,a,8,1,agc,10,10,1860,1929,1615,1703
dbbc02=715.99,a,8,1,agc,10,10,1693,1586,1421,1412



PFB — Polyphase Filter Bank

A0 001 018110030100 10710
0000701081 11 090001010

DA 001019110030 100101
0000107081 1109000 1 0108111000010 10
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L 1 0 OODD001 000
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Conversion to Base Band, Fixed Band
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DSC — Direct Single band Conversion
Conversion to Base Band, Full Band

A
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Spectra:

Noto L band cal tones off




DBBC Firmware for RadarVLBI

Two main functionalities added:

 EFD - Echo expected frequency
‘followed’ and detected in the
observed sub-band

* FSS - VLBI fringes station stopped



EFC — Echo Followed and Detected

Tuning frequency is finely upgraded with an user
external software model

Frequency variation parameters pre-calculated
and downloaded each second to the firmware

Final tuning frequency calculated by the firmware
(linear and quadratic increment in time) and
applied to the tuner

Following timing clock (frequency recalculation
and upgrade) 128 MHz

Arbitrary frequency tone amplitude and phase
detection



FSS - Fringes Station Stopped

* Added to the DBBC software control:
— Observing station geometric parameters
— Time epoch
— Observed source coordinates
— Sky frequency
* Final tuning frequency calculated by the

firmware and applied to the tuner in order to
get fringes stopped or quasi-stopped

e Zero baseline correlation software support



How the observing mode is selected

Using a dedicated firmware
Using a dedicated control software

Using a dedicated configuration text file



Software Structure

C:\DBBC\bin - control software
C:\DBBC\doc - manuals
C:\DBBC_CONF\ - configuration text files

C:\DBBC _CONF\FilesDBBC -2 firmware



Software

General:

BASE Package

c:\DBBC\bin\clock1024.exe (CAT2 1024)
c:\DBBC\bin\clock2048.exe (CAT2 2048)
c:\DBBC\bin\ad9858.exe (CAT1)
c:\DBBC\bin\DBBC client v2.exe (general client)
c:\DBBC\bin\power.exe (on-off hardware)
c:\DBBC\bin\agc _if.exe (CoMo calibration)



Software on socket

DDC:

c:\DBBC\bin\DBBC2 Control DDC v101.exe (server)

c:\DBBC_confi\dbbc_config_file 101.txt
c:\DBBC_conf\FilesDBBC\dbbc2_ddc_v101.bit

c:\DBBC\doc\DBBC2 DDC command set v101.pdf



c:\DBBC_confidbbc_config_file_101.txt

1 dbbc2_ddc_v101.bit 597.00 8
1 dbbc2_ddc_v101.bit 682.00 8
1 dbbc2_ddc_v101.bit 853.00 8
1 dbbc2_ddc_v101.bit 938.00 8
1 dbbc2_ddc_v101.bit 597.00 8
1 dbbc2_ddc_v101.bit 682.00 8
1 dbbc2_ddc_v101.bit 853.00 8
1 dbbc2_ddc_v101.bit 938.00 8
1 dbbc2_ddc_v101.bit 597.00 8
1 dbbc2_ddc_v101.bit 682.00 8
1 dbbc2_ddc_v101.bit 853.00 8
1 dbbc2_ddc_v101.bit 938.00 8
1 dbbc2_ddc_v101.bit 597.00 8
1 dbbc2_ddc_v101.bit 682.00 8
1 dbbc2_ddc_v101.bit 853.00 8
1 dbbc2_ddc_v101.bit 938.00 8
0 fila10g_v2.bit

38000 38000 38000 38000

100 100 100 100

CAT2 1024



on pert 4880
ction accepted
Command received: dbbcforn=astro 1

Command received: dbbeifa~ *1.agc,
@neand received: dbbeifh=1. agc,
received: dbbe®1 &

received:
received:
received:
k_ufr\.a"\i received: cont_cal=en 11
Lomnand received: cont_cal-off 12
Command received: cont_caleon 11
ormand received: cont_cal-eff 12
ammand received: cont_calwgn 11

: dbbe@2/163. NN .0.8. 1, S9c.10.10.186. 15608
Dl!?t.:&&ﬂ/lﬁl Geswog

te&vcd from DI;:k dhh:.'/li] L R 8.2 a9c.18. 10 182
D&k dh&ﬁ.'l‘.] NS .. 8.9, 1.age

.a.l,..l.ngz.l@.l'.llé.lSi_B,E
-157.08.9
-18.19.683, uas.e.e
oc. 180.19.683_ 419 8.9
-2 .8.8.1 age.10, 18.683 17,900
.x_o-;f_xo.xl,sn,u:’_e_i
cont_cal off
: cont_caleen
] coat_cal/on
I eeat _cal-aff

BC: come :nltal'
= _Cant_caleg
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Thank you for attention




