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AT 39.3/029

AUSTRALIA TELESCOPE NATIONAL FACILITY

HI MULTIBEAM RECEIVER

Record of Planning Session held on 16 September 1993 09.30-12.30 in CSIRO Lecture Theatre,
Epping

Present: L.Staveley-Smith, R.D.Ekers, R.P.Norris, R.Webster (Melbourne), R.Haynes, E.Troup,
J.W.Brooks, N.E.B Killeen, R.Ferris, W.Wilson, K. Wellington, T.Oosterloo, M.Sinclair, M.Bailes,
B.Koribalski, A.Young, G.Graves, G.McCulloch, R.A Vaile (UWS), J.Caswell, M. Filipovic,
Takahashi, A K.Tzioumis, A.E.Wright (Parkes).

Attached Documents:

A. Agenda

B. Astronomical requirements (viewgraphs of L.Staveley-Smith)
C. Projected use of Parkes telescope (viewgraph, R.D. Ekers)

D. Feed design (viewgraphs,T.Bird)

E. Receiver (viewgraph, M.Sinclair)

F. Filter options (R.Ferris)

G. Data transfer (A. Young, G.McCulloch)

Summary:

The meeting was opened with Lister Staveley-Smith describing the broad astronomical aims of the
project (Appendix Bl). These are:- (1) a deep 21 cm HI survey of the local Universe to 14,000
km/s; (2) deeper HI studies of selected regions (behind Galactic Plane; blank fields etc.). At a later
stage, Magellanic Stream and Galactic HI studies will be considered (these is not part of the
ARC/SERC proposal). The Parkes Telescope will cover the southern hemisphere and, possibly, the
Lovell Telescope will be used to cover the Northem Hemisphere. Approximately 6 months of
observing time (5x103 pointings with a 9- beam system) will be required for the survey, and ~3
months for the selected regions. A comparison with other single-dish and synthesis telescopes
(Appendix B2) shows that a multi-beam system on Parkes is competitive with the VLA in coherent
mode for small (unresolved) sources, when the limited bandwidth of the VLA is considered (6.25
MHz versus 64 MHz). However, the large source performance of the Parkes antenna is orders of
magnitude better. Technical requirements were also discussed (Appendix B3). The optimal beam
separation on the sky is the total emission sampling interval (A/D) rather than the Nyquist interval
for the all-sky survey. With the present design, an interleave factor of 2 in each dimension is
therefore required. Ron Ekers pointed out this will change if the feed geometry is not rectangular.

Ron Ekers addressed collaborative, management and financial aspects. NFRA is not suitable for
providing receivers because of their ongoing upgrades. The GBT is optimised for single-beams, so
they are not looking at multi-beam receivers yet. Arecibo are very interested - we should maintain




links with them as they will be looking for new developments after their upgrade. The new NAIC
Director (Paul Goldsmith) was involved in the UMass multibeam CO receiver development. Jodrell
Bank is presently the most hopeful source of high quality LNA's. They have an application before
the SERC for £132k. The AT budget for the multi-beam receiver is $90k and 2 manyears for
1993/94, and $110k and 7 manyears for 1994/95. However we are dependent on external funding.
As a model for the survey, the success of the PMN survey was mentioned. The timescale of the
project and other committments for the Parkes Telescope were discussed (Appendix C).

Rachel Webster indicated smaller funds might be available from University of Melbourne, and
suggested a new ARC application next year if the current one fails.

Alan Wright discussed the management of the observing and data reduction in light of the PMN
experience. A need for a large effort from non-ATNF staff was emphasised (user-pays), and that
sending a Ph.D. student to help observe for a few nights was not enough. The need for good
scientific management was emphasised.

Ron Ekers elaborated on the latest CSIRO management schemes which have more emphasis on
objectives and less on group structure. The National Facility approach was preferred, whereby the

data would be widely available after a suitable period (¢f ATCA Magellanic Cloud mosaicing
project).

There was a general feeling that large blocks of time were required to run the project efficiently, but
that 2 months at a time was ok. However, Ray Haynes pointed out that such an approach doesn't fit
in with the gaps in the current long-term Parkes schedule (Appendix C). The best observing time is
1995, following the SETI observing period.

John Brooks took over the chair from Lister Staveley-Smith for the Technical Planning discussion.
Trevor Bird gave a presentation on technical specification and a preliminary study of feed design..
His viewgraphs are attached (Appendix D). Square horns were used instead of circular horns
because they were thought to be easier to manufacture. However, Mal Sinclair's receiver design has
a circular OMT and a square-to-circular waveguide transition. This was agreed to be unnecessary
complexity. The next feed design will consider circular horns. The requirement for feeding the

Lovell Telescope with its much smaller £/D was discussed. Dielectric loaded feeds would be one
possibility.

Mal Sinclair presented the existing receiver design (Appendix E). Total weight would be 300 kg.
The estimated noise budget was: LNA 3K (20K physical); 0.141 cable 3K (40K physical); OMT
3.6K (0.2dB loss at 70K physical); window 1K; horn IK; spillover 7K; sky 6K. Total estimated
T(sys) is 25K per channel. A simple uncooled OMT design would add 14K. This was regarded as
unacceptabie. In light of Trevor Bird's calculations, the spillover contribution for the simpler feed
design may have been underestimated by SK. This was viewed with concern.

Dick Ferris summarised filter design (Appendix F). The 64 MHz band would have to be obtained

by analogue filters (too fast for current digital filters). Bandwidths 16MHz and below could be
obtained digitally (Fig.F1).

Gerry McCulloch (w. Alan Young) discussed data transmission options: analog on coax .v. analog
on fibre .v. digital on fibre. See Appendix G. Preliminary cost estimates per channel were given.



After the meeting, a cost estimate for a semi-custom 256 Mbps ECL link was sent by FIBERNET
(also Appendix G)

Warwick Wilson and Euan Troup summarised correlator and telescope control matters. The LBA

alpha computer would be capable of data collection and data reduction and possibly telescope

control. Ray Norris and Rachel Webster discussed the feasibility of intelligent on-line data
reduction and source detection.

Lister Staveley-Smith October 1993
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THE HI MULTIBEAM RECEIVER
- ' APLANNING SESSION
A planning meeting for the HI multibeam receiver will take place on Thursday

16 September in the first floor Lecture Theatre in EPPING. All are welcome.
Coffee will be available.

Thursday 16 September 09.30-12.30

09.30 Introduction
09.35 Astronomical objectives
- Lister Staveley-Smith
09.50 Collaborative and management issues
- Ron Ekers
- Rachel Webster (ARC update)
10.15 Lessons from previous surveys
- Alan Wright
10.30 TECHNICAL PLANNING Chairman: John Brooks
- Feed Design (Trevor Bird)

- Receiver design (Mal Sinclair) ,

- Filter design (Dick Ferris, Warwick Wilson)

- Data transfer (Kel Wellington?, Gerry McCulloch, Alan Young)
- Sampler and correlator status (Warwick Wilson)

- Computer Hardware (Warwick Wilson, Andrew Hunt)

- Telescope control and software (Warwick Wilson, Euan Troup)

12.15 Conclusions
12.30 LUNCH o ‘ .‘}.

A short discussion of the relevance for multibeam CO astronomy at Mopra may
take place, time permitting.

The Lecture Theatre is available from 1.30 to 3.00 if specific issues need further
discussion.

Lister Staveley-Smith 24/8/93
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PARKES HI MULTIBEAM RECEIVER

BROAD AIMS OF PROJECT

1. A deep A21cm HI survey of the whole of
the local Universe to ¢cz=14000 km s-1.

(~106 independent beams, ~6 months
Parkes observing time)

2. Deeper HI surveys of "selected" regions
(Galactic Plane, blank fields, ~3 months)
3. Possibly also Magellanic Stream and
* Galactic HI studies. ‘

(~1 month)
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HI Multibeam Receiver - Filter Options

Arenarx

Correlator

o ] o

Analeg 64-128 128*2=256Mbps
\ ADC ldeHz
—
128*8=1Gbpsa 96-112 16MHz
_)
B MHz
<B>
B=8,4,21
Fig, 1, 4.2
Analog 64-128 s 128*2=256Mbpa
- / \
16MHzZ
O . 16-32 | || <8>
= u f \ 32*8=256Mbps / \
128MHZ B=8,4,2,1
Fig. 2, og 64 & 16MHz, Digital 8. 4. 2& 1 z Filte

Dick Ferris 16-Sep-93



AMaNAIX G

THE HI MULTIBEAM RECEIVER

DATA TRANSFER

| Alan Young
Gerry McCulloch
15 September 1993.

This is a summary of alternatives for transferring the receiver IF data from the
aerial cabin to the correlator. All prices are "back of the envelope” budgetry
prices only, obtained from one potential supplier.

Requirements:

The front end produces 2 x 9 x 64MHz channels of IF output. (The IF
frequency is 64MHz to128MHz.)

For 2-bit sampling, this is 256Mbit/sec/channel of data.

Phase stability between orthagonal channels from one feed is not a
requirement.

It is assumed that 200metres of cable is required between the aerial cabin and the
correlator.

Alternatives:

There are three alternative ways of transferring this IF data from the cabin
to the correlator, whch should be considered:

1) Send analog IF from the cabin using coax cable, and sample at the
correlator. . . . . : : C

2) Send analog IF from the cabin using fibre optic cable, and sample at the
correlator.

3) Sample in the aerial cabin and send the digitized data to the correlator
over optical fibre.

For fibre, multimode fibre (62.5micron diameter) would be sufficient for the
bandwidths and data rates being considered here. Because the cable has to bend
continually with the telescope motion, multicored tight buffered cable would be



required. This is not much more expensive than the more common, loose cored
cable.

Considerations for each proposal:

1) Coaxial cable,

The use of coaxial cable has the advantages that there are no samplers in the
cabin to cause interference to the front end, and that no additional electronics
would be required to put the signals on and off the cable. A bundle of 18 would
be bulky, and we would have to check that there is room on the rotators for this
bundle.

Suggest 0.25inch Superflex Heliax cable, which cost A$4.50/metre in 1985- so
assume $10/metre now. This cable is known to have good temperature stability.
At 100MHz, this cable has 12dB loss over 200metres, and would have a slope of
about 3dB between 64MHz and 128MHz. This is not excessive, and could be
easily equalised or calibrated out.

A coax cable installation would have good signal/noise and linearity.

Would expect good phase tracking between pairs of cables.

Cost: Say, $2,200 per transmission channel (which includes cable and
connectors).

Fibre-optic cable:

For the short cable run required, we would use "off-the-shelf" cable, which
commonly comes in 6 core and 12 core cables. An estimate of cost is $8/metre for
6 core cable, and $14/metre for 12 core cable. We would probably put in two

12 core cables, so the fibre price would be $5,600, or $310/channel.

There are two ways of terminating the fibre cable and connecting it into the end.
equipment. For our quantities of connectors, the costs for either way are about
$80/connector.

In total, fibre plus connectors is about $500/ channel.

2) Analog transmission over fibre:
I have obtained prices for one analog video unit which has 3 by 75MHz

bandwidth video channels, plus some additional data channels. (A copy of the
datasheet is attached.) A transmitter and receiver pair (for 3 channels) costs



$8,800, or $3,000/channel. It may be possible to get the electronics repackaged
without the data channels, for less cost. The input is probably baseband video.
There would be <3dB slope across the channel. Signal/noise and linearity are
not speEified for this unit, but these are normally considerably worse than coax
(40dB dynamic range is hard to achieve). The end-to-end phase tracking and
stability between pairs of channels is unknown, but would be worse than coax
cable, but probably still quite good.

3) Digital transmission over fibre.

A fibre optic company has found some transmitter /receiver units rated to
220Mbit/sec. The manufacturer would expect no problems to push them a little-
higher to our 256Mbit/sec. These transmitter-receiver pairs take ECL in directly,
which would make them easy for us to interface to.

These units cost $2,000/channel, but may be cheaper in quantities of 20 or so.
(This particular pair of transmitter and receiver requires the data to be present at
all times. If Manchester encoding was required to satisfy this requirement, then
the data rate would become 512Mbit/sec, and there would be some increase in
the cost of suitable units.)

Attached is summary sheet showing the alternatives, and the factors which have
to be considered for each of them. '
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Summary

Anglgg on Coax

Analog on Fibre

Digital on Fibre

50ohm input Baseband Video in (?) ECL Compatable
75ohm input

12dB loss No loss (overall) No loss

3dB slope across band 3dB slope across band Flat response

(requires compensation?)

(requires compensation
and baseband converter?)

Good S/N Poor S/N N/A

Good linearity Poor linearity N/A

Good dynamic range Poor dynamic range N/A

Cable very bulky and Cable relatively small Cable relatively small
heavy and light and light

Cable not very flexible - | Cable flexible Cable flexible

cable wraps OK?

No end electronics

Relatively large
electronics at each end-
power, weight and
reliability concern

Small electronics at each
end- more reliable than
analog on fibre

No chance of
interference to front end

No chance of
interference to front end

Possibility of interference
to front end from 18 off
samplers

Remote possibility of
leakage from cable

No cable leakage

No cable leakage

Requires possible

| baseband converter and

maybe 50/75 ohm
conversion.

May require Manchester
encoding to keep data
present at all times (for
these units only?)

say $2,200/channel

say $3,500/channel plus
baseband converters

say $2,500/channel




FIBERVISION
FX/FR-5700

The FIBERVISION FX/FR-5700 cansists of the
FX-5700 graphics transmitter. and FR-5700
workstation receiver. Both units are designed to
transmit ultra-high resoiution full celor video signals
from a graphics processor to a high resolution
waorkstation, as well as bi-directicnal keyboard and
serial pnnter data. The FX/FR-5700 will Intertace win
maost cenventlonal computer graphics systems and will
allow operation over distances of 1 to 3 kilometers.
Both units are supplied in standard EIA 1 3/4" x 19"
rack mounted enclosures and an optienal desk-top
workstation cabinet is available for the FR-5700 for
further convenience. All connections from the FX/FR-
§700 and the graphics system ars by means of
conventional BNC and DB-25 connectors.

Technical Specifications

NUMBER OF CHANNELS & (2 Video, 1 Sync. 2 RS-232)

VIDEC BANDWIDTH (R, G, or §) 75 MHz (+0, -3 dB)

VIDEQ BANDWIDTH (Composite) 225 MKz (+C, -3 dB) & !

VIDEQ INFUT/OUTPUT VOLTAGE 1Vop

VIDEO INPUT/OUTPUT IMPEDANCE 75 ohms &CM RKSTATIPES
VIDEQ CONNECTORS ‘ BNC ; fehaCubes =
SYNC INPUT " 1105V pp

SYNC.OUTPUT™ TTL

MINIMUM SYNC PULSE WIDTH 500 nsec

KEYBCARD/PRINTER FORMAT RS-232C, Serial

KEYBCARD/PRINTER DATA RATE 0 to 64 Kb/sec

ALLOWABLE TRANSMISSION LOSS SQu Fiber,0- 5dB
62.5u Fiber, 0- 9d8
100u Fiber, 0 - 12 dB

COFERATING WAVELENGTH 850 nm
OPTICAL CONNECTCRS ST
POWER REQUIREMENTS 115/230 VAC, 50/60 Hz
PHYSICAL SIZE 175 X7.75 x 19in

{44 x18,7 x48,2 cm)
OPERATING TEMPERATURE RANGE -20 10 +80 deqrees C

* Syne signals may be sent separarely orwia the R, 3 or B chaane:s.
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FIBERLINK
XD/RD-7450

Ordering Information

1, MATH

—e—ASSOCIATES

7N INIC.

<500 NEW HORIZONS BLYD., AMITYVILLE. NY 11701

ECL

“he XC/RD-7450 system consists of the XD-7450
transmitler and RD-7450 recciver. Both units are fully
compatible with standard positive or negative ECL
logic (user selectabie) and will operate at data rates of
1 Mb/sec to 220 Mb/sec. Due to the high data rate of
this system, the unils are not DC coupled and must
always have a data stream present for proper
operation. The XP/RD-7450 is designed to operate
from batteries or unregulated AC or OC sources
thereby providing unparalleled versalility in & fiber
oplic transmission system.

Tet:'ﬁ__“' \ Specifi Rcations®

COMPLETE SYSTEM BANDWIDTH *** 1 Mb/ses 10
220 Mb/sec

SYSTEM RISE OR FALL TIME 2.5 nsec typical

LOGIC INTERFACE +5V ECL or-3.2V ECL =

L N e

ALLOWABLE TRANSMISSICN LOSS 50u Fiber,0-124dB
§2.8u Fiber, 0 - 15 4B
10Cu Fiber, D - 18 dB

217 SRROR RATE {worst case) 1 x10° (& 220 Mb/see)

OPEZATING WAVELENGTH 1300 nm
OPTICAL CONNECTORS ST
SIGNAL CONNECTOR Electrical SMA
POWER REQUIREMENTS - +1210 +1BVDC @ 150 mA ¢r
(Transymltar or Receiver) 1210 18 VAC tms @ 150 mA
SHYSICAL SIZE™ 25x4.75x1.58in

6,4 x12,1x 3.8 el
OPC2ATING TEMPERATURE RANGE Cio +50 decrees C

2ot gograuan from 115 VAC, SvBO H2. 3 #5-050D nlug-+ 2dadres 13 reawmrsd for
-acn mogule. For prerabon [rom 230 VAL, 50/60 Hz, 3 PS-2501 18 requursa.

+ e curine Cravnag of this system g COZ2n e JUTLINE DRAWINGE secrion
3 Tig catalas.

sre " 10 i Jugh datd mte of 1ng system. Fder oEne cable handength must be
cmidered, Standars 500 MM fiper wol CRty 2liery 310 4 KM of transnussion
2stinge

——- e o —y

Do

e 5000 b
! Ve R ‘I ]

lo = o

. L 1
"—Lﬁ«—a“',“;:}:i
ifla%%

TYRICAL ETL LGAD
o8 AR 5.2V LOGK

ﬂ-! RD-T4 50
| Veu

* 516-226-8950 + FAX: 516-226-8366



Fax from Sydney Offlce CIDCD | '
DM

Attn - Mr. Gerry McCulloch | = B
Company - CSIRO ADVANCED QPTICAL FIBER TECHNOLOGY
FAX - 02 3724490
Phone « 02 3724467 X .
Level 3 Unit 1 14 Aquatic Drive
From - Scott Roberison | x ! 1 Frenchs Forest N.S.W 2084
Date - 16 September, 1993 f S ‘~ Austratia
Subject - Quotaiion Phone 64 2 975 3737
Yourref. - Fax 61 2 975 3736

Our ref. - SR30916G.DOC
No. pages (Incl. this page)- ¥ S

Dear Gerry.

| have received the following pricing information from Math Associates on your semi-custom
ECL links. How clid your meeting go? Do you siill want o pursue an analogue solufion?

e
g e 2 210 R
i alib b ot

o T AL
Hem 2 Descripiti

1 Math Associates XD-7450/EN-3 EC §4,274.00 18 $22,932.00
transmittar. 256Mbps - 1300nm ST.

2 Math Associates RD-7450/EN-3 ECL $4,318.00 18 $23,724.00
receiver. 256Mbps - 1300nm ST.

3 Math Associates AP-2000 rack mount $&7.001 356 $2,412.00
Qdaptor {or items 1 & 2.

4 Math Associates MCR-1000A rack mounfing §692.00 4 $2,768.00
shelf with built in power supply.
TOTAL £51,836.00

. ‘ . . Cemmercial Conditions

4. Frices queted Jra In Australian dolia's based on the “2l'owing sxchargQarata sl Aus $4 00 L U S
$0.65
2. The Weslpas ssiling rale tor the Cporopnas cuirenoy on the dare ol 'mve ee snal e wisa 10
caiculate the acstual pnee,
3 Fnces quoled 35 not .NTluce saics tax or cusloms duly which will De cnarges o cosl wisie applcotle. Ary
sqles tox exernptions must Ba suppllad In1na corracs forrat o1 the ime of ardar placemart Wa are unatle
to legally amardd sales tox chorgas aftar invaica a.ata
Terns of payrien: are ey nett within 28 days o1 e dare ar rvoloeg Tor Ascalrt Cusarmers
This quolaron s valld for 30 days from ine dte hereon,
Omher coolicable condilions ae delaked in "Fhermet My, 20 - Terrs and Sonaion: o Sole - 1 Jaraiary 1994,
Prices quoled cre FIS. i
Dalvary ldad trma is'6 weeks from receipt &of ordar
Credit card or pre-payment by chaque may be requasted for small valus crders
0.  Aminimum crder value ar $250 Is requasiad n ordar 1o cover adminisiative avarheads,

ZO@®NO O

If you have any queries concerning this quotation piease ceniQct me.

Best regerds,

<.
R

Scott Robertson
Account Manager

Fibernet Pty. Lid. ACN 006 219 359 Fibernet New Zeciand Limited

Melbourne office Sydney ettice Weillngton ettice Auvekland ottise

24 Laser Drrve liowrville \avel 3, 14 Aquane Dnve Franchs Forast 4] Kenwtun Drive Panrua Laval 6, Wastooo Bulding
Victoria 3171 Awkaia MNow South Wales 2084 dwzkalia Wollirgrhon Mew Teaiing 135-151 Broodway, Nowma kot
Phona: +41 3 764 2144 Phone =81 2975 3737 Phexws + 64 4 237 9442 Auckland New Jeaiand

FAX.  +613784212Q FAX:  «44 320753734 FAX-  — &4 4 237 9108 Phone: +44 @ £24 1307

¥ AQUOTERSRIDS 166G DOC FAX:  +&4 9524 1302

104 QA S ITENSEIZ I g% Is: 12 £8 '6Q 'g1l



ENCLOSURES

The MCR-1000A is a 19 inch wide by § 1/4 inch high
rack mounted enclosure which will accept any
combination of ten FIBERLINK or FIBERVISION
transmitters or receivers with a total foad of
3.3 amperes. The unit contains a 115/230 VAC,
50/60 Hz power supply, detachable line cord, power
switch, and fuse. Modules mount on plug-in adaptor
ﬁlates avallabie separately}), or are supplied in /MCR”
ousings, both of which simply slide into the rack.
Electrical and optical signal connectors are provided on
the rear of the enclosure and a removable front plate is
provided for protection and overall appearance, An
optional wall mounting bracket is

Technical Specifications

NUMBER OF POSITIONS 10
- POWER REQUIRED 115 or 230 VAC, 50/80 Hz
3.5 VA ivpical

MAXIMUM TOTAL LOAD CURRENT
FINISH

3.3A
Clear Anodized Aluminum

PHYSICAL SIZE 19x 514 x10in

— (48,3 x 13,3 x 25,4 cm}
OPERATING TEMPERATURE RANGE 30 10 +65 degrees C

Adagptor Plates for MCR 1000A ,

The preper adaptor plates for he various FIBERLINK ang
FIBERVISION madules are listed below. 2ne adaptor piata s
required for each transmitter or receiver. Co :

SYSTEM PLATE NO, SYSTEM  PLATE NO.
DB-1000A AP-1100 XA/RA-1000A  AP-1000
DB-1001 AP-1100 XA/RA-1050  AP-1000
DB-1002 AP-1100 XA/RA-1100  AP-1003
FXFR-1000A  AP-1000 XARA-1120  AP-1000
XA/RA-13004  AP-1000
FX/FR-1001Y  AP-1000 XA/RA-1800A  AP-1200
FYX/FR-1450 AP-1000 XA/RA-1805  AP-1150
FX/FR-1500A  AP-1000 XA/RA-1900  AP-1000
FX/ER-1501 AP-1000 XC/RC-3130  AP-2000
FXFR-1560 . i AP-1000 . XD/RD-7000  AP-2000
FX/FR-1600 AP-1000 XD/RD-7200  AP-2000
XD/RD-7223° ° AP-2000 XD/AD-7400 © AP-2000
FMX/FMR-1200  AP-1150 XD/RD-7420  AP-2000
FMX/FMR-1330  AP-1150 XD/RD-7430  AP-2000
FMX/FMR-1360  AP-1150 XD/RD-7450  AP-2000
FMX/FHIR-1330  AP-1150 XD/RD-7500  AP-7500
XR-1100A AP-1100 003300 AP-2000
XR-2000A AP-1100 XRD-7300 4P-1150
s MATH
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