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OutlineOutline

• Overview of re-baselined SKA telescope(s)Overview of re-baselined SKA telescope(s).

• SKA CSP technologies/approaches.g pp
• Uniboard-2 (JIVE).
• Redback-x (CSIRO).
• SKARAB (SKA-SA).

• PowerMXPowerMX.

• ngVLA correlator possibilities using PowerMX.g p g

2



Overview of re-baselined telescopesOverview of re baselined telescopes

• SKA1-Mid:
• 133, 15 m SKA1 dishes + 64 12 m MeerKAT dishes.
• Band 2 (810 MHz/p), Band 5 (2 x 2.5 GHz/p), Band 1 (700 MHz/p).
• 64 000 channels pp plus (16X) zoom mode• 64,000 channels pp plus (16X) zoom mode.
• Central beamforming for pulsar searching (~1000-1500 PSS 

beams, 300 MHz/beam, 4096 channels) and timing (16 PST beams, 
2 5 GHz/beam 10 MHz channels)2.5 GHz/beam, 10 MHz channels)

• Real-time pulsar searching on every PSS beam.
• Real-time pulsar timing on every PST beam.
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SKA CSP technologies: Uniboard-2SKA CSP technologies: Uniboard 2

• Uniboard-2 (JIVE + collaborators)( )
• 24 transceivers on the front, 48 on the 

back, 12 connect up, 12 connect down.
• Main aim is Stratix-10 but first protosMain aim is Stratix 10, but first protos

built with Arria-10.
• I/O data rate, 960 Gps(I) and 960(O).
• 1st protos next 1 2 months• 1st protos next 1-2 months.
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SKA CSP technologies: Uniboard-2SKA CSP technologies: Uniboard 2
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SKA CSP technologiesSKA CSP technologies

• Redback-5 (CSIRO), 1U pizza-box (still evolving):( ), p ( g)

MPOs
100 
GbE
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SKA CSP technologiesSKA CSP technologies

• SKARAB (SKA-SA)

Developed for MeerKAT.
Single Xilinx Virtex-7 FPGA + 40 GbE per pizza box
CASPER tool flow
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SKA CSP technologiesSKA CSP technologies

• PowerMX (NRC and some others)( )
• Motherboard/mezzanine approach.  Both processing and I/O.

• “Tons” of I/O and performance for “future proofness”• Tons  of I/O and performance for future-proofness .

• Series of open-public specifications to which anyone can build to, 
ith th l f l l tibilitwith the goal of plug-n-play compatibility.

• Inspired by CASPER…spurred on by COTS solution competition.
• Ultimate goal: Buy some PowerMX products from COTS 

providers.
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PowerMXPowerMX

• Motivation:
• Future proof…minimize cost/time of technology design cycle, allow 

for cross-generation mix/match plug-n-play of multi-vendor modules.

• Compatibility + fuel for innovation.

• Add new specs as required.p q

• Create a framework within which products are developed and plug-
n-play compatible.

• Facilitate access/connectivity of FPGAs and other processing 
devices.
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PowerMX PMX 1 Base SpecificationPowerMX PMX.1 Base Specification

• See www.powermx.org open, public, freely available for use.

• Basic concepts:
• Motherboard (power M&C) + processing and I/O mezzanines WithMotherboard (power, M&C) + processing and I/O mezzanines.  With 

coherent clocks to I/O mezzanines…for ADC cards.

• Primarily SERDES I/O.

• Use 4 mm FCI Meg-Array mezzanine connectors.

• Full 4-site motherboard: 384 serial I/Os (@28G ea ~= 10.75 Tbps).

• Spec allows for “hardened”.
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PowerMX PMX 1 Base SpecificationPowerMX PMX.1 Base Specification
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PowerMX PMX.1 Base Specification
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PowerMX PMX 1 1 Mesh SpecificationPowerMX PMX.1.1 Mesh Specification

• Alternate motherboard PMXM-to-PMXM mesh 
connectivity.
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PowerMX PMX 1 Base SpecificationPowerMX PMX.1 Base Specification

• +Establishes base level of quality and reliability reporting.q y y p g

• Other layers in other documents:
Other H/W layers (PMX 1 x)• Other H/W layers (PMX.1.x)

• SMC: Supervisory M&C (PMX.2.x)

• AMC : Application M&C (PMX.3.x)

PMX 4 A li i F/W• PMX.4.x: Application F/W

• PMX.5.x: Applications…
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PowerMX SMC and AMCPowerMX SMC and AMC

• SMC=“supervisory monitor and control”.
• PowerMX logical addressing…with implementation-specific extensions.
• GigE UDP/IP packets for comms to motherboard “SMC controller”…provides 

access to all I/O non-GigE comm paths and V+T+P control/monitor.
• PMX 2—simple layer (all implement) PMX 2 n—more soph layersPMX.2 simple layer (all implement).  PMX.2.n more soph. layers.

• AMC=“application monitor and control”.
• Memory-mapped (poke/peek) access to “applications” on mezzanine cards.y pp (p p ) pp
• GigE UDP/IP packets.
• PMX.3—simple layer (all implement).  PMX.3.n—more soph. layers.

A h k i E h h b AMC• Any processor on the network, via any Ethernet path, can be an AMC 
or SMC host…even a mezzanine card.  All access SMC and AMC 
servers in a standard way.
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PowerMX PMX 1 2 Standard I/O Module SpecificationPowerMX PMX.1.2 Standard I/O Module Specification

• Defines standard PMX IOC (I/O) module dimensions._ ( )

• Establishes certainty for compatibility between PCBAs 
and enclosures.

• Optional…don’t need to design to this spec, but useful to 
do so.
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PowerMX PMX.1.2 Specification—standard I/O form factors
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Packaging/Use Examples: Collage of possibilities
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Packaging/Use Example, Band 3 (1.5-4 GHz) cryo-PAF DBE/Beamformer: 
96 RF inputs, UofC 4-bit 10G low-power ADC, TDF/TDBF ASICs, 500/1000 
MH b f d BW 18 d l l b d bl hi ld d b 650 WMHz beamformed BW, 18 dual-pol beams, double-shielded box, ~650 W.
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Packaging/Use Examples: Pizza box
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Packaging/Use Examples: Multi-board blade
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NRC’s “SX4-1” motherboard: ready for proto fab.
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“P32S” PMXM module: Arria/Stratix-10 + 4-link HMC…ready for proto fab 
(designed by CEI).(designed by CEI).

FPGAHMC
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Front Side Rear Side
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Design is in progress.



On-line order forms/configuratorsOn line order forms/configurators

• The www.powermx.org web site is a goto site for specs and 
products:
• PCBAs.
• Mechanical bits and pieces.
• Applications(?)

• Currently two such mechanical items are in the works:
• Parameterized PMXM active-fan/passive heatsink—Radian 

Heatsinks CA, U.S. Done “on spec”.  Ready to order parts.
• Parameterized pizza box+blade “configurator” compliant to PMX.1 

and PMX 1 2 specifications Imagination Machine Works Kelownaand PMX.1.2 specifications—Imagination Machine Works, Kelowna 
Canada.  Also done “on spec”.

• No exclusive suppliers• No exclusive suppliers.
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Imagination Machine Works’ g
pizza-box and blade/shelf/rack 
configurator.

Range of pizza box sizesRange of pizza box sizes, 
motherboard sites, I/O sizes, 
heights.

Blade/shelf/rack…single site 
motherboard, single board to 4 
site, 4 board dual blades.

Plug-in parameters, pay $, out 
come drawings and parts.

All being done “on spec”, avail 
Q2-2015.
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Parameters:

-Fan type (axial, squirrel cage, 
none).

-Fin height.

-Post height.

-Mounting style (hard or spring).

-Thermal interface material type and yp
thickness.

-Order from Radian 
Heatsinks $125 ea in 100 qtyHeatsinks…~$125 ea in 100 qty.
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ngVLA correlator possibilitiesngVLA correlator possibilities 

• One possibility: blade/backplane approach based on the p y p pp
NRC MID.CBF design:

• 256 antennas 5 GHz/pol’n correlator in a single ~1 m W x ~0 5 m H256 antennas, 5 GHz/pol n correlator in a single 1 m W x 0.5 m H 
x ~2 m D shelf.

• Two shelves in a rack entire correlator/beamformer in one rack a• Two shelves in a rack…entire correlator/beamformer in one rack…a 
substantial system in a ~1 m x ~2 m footprint (~96 kW).

28G SERDES interconnects 14 nm tri gate Altera FPGAs• 28G SERDES interconnects, 14 nm tri-gate Altera FPGAs.

• Systolic-array correlation for full band/sub-arraying flexibility…but 
could be full cross connect correlatorcould be full cross-connect correlator.
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ngVLA correlator possibilitiesngVLA correlator possibilities 

• Shelf has 10 GHz/pol’n data distribution capability, but p p y,
likely w/o ASICs, can’t process that much BW, even with 
10 nm tri-gate (~20-30% performance increase over 14 
nm)nm).

• So…
• 256 antennas, nshelves = ngVLA BW / 5 GHz.
• 512 antennas, nshelves = 3 x ngVLA BW / 5 GHz.
• 1024 antennas, nshelves = 10 x ngVLA BW / 5 GHz.

• Or, blade/backplane with fiber mesh interconnect, with 
liquid cooling for densification:
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ngVLA correlator possibilitiesngVLA correlator possibilities 

• Or, pizza boxes with air or liquid cooling, connected by , p q g, y
fiber mesh or active switches.
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ConclusionsConclusions

• ngVLA correlator with upcoming SKA-developed g p g p
technology is feasible.

• PowerMX developments/protos happening now could be 
used for proto testing and dev (including platform for 
heterogeneous image processing).heterogeneous image processing).
• Develop PMX-standard but customized cards as required.

• Need to get cost and power down…probably want 
correlator ASIC.
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Thank you
Brent Carlson
Senior Design Engineer
Tel: 250-497-2346
Brent.Carlson@nrc-cnrc.gc.ca
www.nrc-cnrc.gc.ca
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Supplementary slidesSupplementary slides
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Overview of re-baselined telescopesOverview of re baselined telescopes

• SKA1-Low:
• ~128k cross-dipole elements, 300 MHz BW/pol (50-350 MHz), 

arranged as 512 stations of 256 elements each.
• Each station requires beamformingEach station requires beamforming.
• Correlator: 512 stations, 300 MHz, 64k channels/pp.
• Central Beamforming and Pulsar Search…nbeams TBD, probably 

<1000<1000.
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SKA1-Low: MRO site Western AustraliaSKA1 Low: MRO site, Western Australia
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SKA1-Mid: Karoo desert South AfricaSKA1 Mid: Karoo desert, South Africa
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DVA1—full SKA1 Dish prototype, Penticton, BC, Canada
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PowerMXPowerMX

• Motivation:
• We (engineers in the CSP consortium) are tasked with developing 

and costing designs now, for production and deployment in the 
2018-2022 timeframe.

• Anything we do now may be obsolete requiring expensive re-
design but limited funds and resourcesdesign…but limited funds and resources.

• Is there a way to minimize the cost of the next design cycle?
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Future work/visionFuture work/vision

• Flesh out vision of module plug-n-play compatibility.p g p y p y
• Further specification layers define module requirements for such 

compatibility.
• F/W, host S/W device drivers, “out of the box” GUIs.
• Definition and set up of repository for applications.

1. Buy modules/motherboards/mechanics for your1. Buy modules/motherboards/mechanics for your 
application.

2. Open box, plug them in.
3 P ” lf ” d l d S/W/d i3. Power up…”self-aware”…download S/W/drivers.
4. Ready for further application development, or ready to 

start processing.
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ngVLA correlator possibilities: next generation blade? 

Possibility supported 
by the IMWorksby the IMWorks
configurator.

51


