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Design Tools

Budget includes nearly $0.5 million for CAE design tools.

« Mentor Graphics and Cadence are primary candidates.

e Demog/initial evaluation indicate impressive capabilities.

 RFP now out...40 day tendering process.

e EXxpect to be in-place in early 2002...but, requires CFl
funding for full complement of tools.
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Design Tools

« Toolsof thiscaliber judged to be essential for design of this
speed and complexity.

 Integrated end-to-end design environment.
* Integrated FPGA design/synthesis/simulation.

e Powerful PCB-level design:

— Netstreated as transmission lines.

— Define constraints that drive PCB design.

— Pre-PCB P+R design/investigation facilities (signal integrity, timing).
o “Amazingly powerful” PCB P+R capability.
e Post P+R symbolic timing analysis + signal integrity.

— Allows a complete analysis of waveforms and timing margins before
the board is ever fabricated.
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NRC-CN\3C
Design Tools Cost

« THISPAGE CONFIDENTIAL
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Per sonnel

o 2 senior digital/DSP engineers (Carlson + ).
— Each responsible for 1/2 the project (Station/Baseline Board split).
o 2digital engineers.
— FPGA/PCB-level design under direction of senior engineers.
« Eng. Positions now being advertised. Identified “A+" candidate for senior eng.
e 1 engineering assistant.
— Component investigation/procurement + project manage assistance + organization.
e 1 secretary.
1 PCB design specialist (contract position).
« 2technologists. production.
« 1 software engineer.
e 1 contract mechanical engineer.
o 1 part-time high-level project manager.

B. Carlson, 2001-Nov-02 _ _
EVLA Correlator Conceptual Design Review



NRC-CN\3C
Correlator Chip

o Split development into 3 phases:
— design.
— prototype fabrication and test.
— production.

e Current indication isthat a 2048 complex-lag chip @ 256
MHz, in 0.18 mm is feasible using low-power VLS| design
techniques.

— Based on work done by Margalaat U Rochester (0.25 nm).

— Possibly obtain multiply-accumulate block from Margala optimized
for low-power, and use as instance in standard-cell design

environment.
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Correlator Chip Design

* Possible design routes:
— Complete “turn-key” design (GDSII output) (Qthink: ~$XXXk ROM).

— Design ourselves within a design house environment.
CONFIDENTIAL PRICING.

— Collaborate with university research department. Responsibility
Issues? Time? “Micronet” in Canada? Not serioudly investigated yet.

e EXxperience? Advice?
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Correlator Chip Proto. Fab.
« Have contacted MOSIS, and they quote about $80k for 40

prototypes. Suggested longer run (200 to 500 die) to get
better yield estimate (extra ~$40Kk).

o Designfor “right first time”, but mistake requiring a 2nd run
IS not a disaster.
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NRC-CN\3C
Correlator Chip Prod. Fab.

 MQOSIS suggests a dedicated mask.

e For 11k chips.
— $430k for the mask.
— $70k/wafer-run (x 12 wafers/run) x 4 runs = $280k. (50% yield)
— $64/chip + $4/chip packaging ~= $70/chip.

« Larger production run would reduce per chip cost because of
large mask cost.
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Correlator Chip Cost Summary

e Total cost for development + production is probably a
minimum of ~$1.6 million.

« CONFIDENTIAL.
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Prototype Construction

o Plan to use BGA technology (speed, # of pins, reliability).
Problems:

— Reguire an X-ray machine for inspection. Cost ~$185k. Could
possibly lease for $x/year. NOT IN BUDGET.

— Reguire arework machine. Budget $50Kk.
— Long-term maintenance?

e Solutions:
— Qut-source prototype construction.
— QOut-source prototype construction with BGA sockets.
— Lease machine for ~2 years (depends on cost).
— Minimize BGA use.
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NRC-CN\3C
Prototype Testing
« CAEtoolsanaysis.
e Test vectors.

» Accelerated-life/stress testing.
e Correlator chip testing.

— Plan to build YW emulator, compare results with actual chip.

e VLA-gite on-the-sky testing.
— Deep integration, phase and amplitude closure tests.
— Limited correlator chip prototypes a problem?

o FPGASs permit post-installation bug fixes.
e CDR before production.
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Production

* Procurement of production components.
— After CDR (but probably some before because of |ead-time).

« Qualification and selection of a production house.
— Critically important!

* Production, including on-site testing and quality assurance.
— Go/nogo tests to minimize future rework requirements.

* Production module accelerated-life testing.
— Thermal cycling (thermal stress).
— Vibration (mechanical stressto find marginal solder joints).
— ~200 hr burn-in @ 35-40°C (thermal breakdown).
— Minimize field infant mortality, maximize reliability.
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NRC-CN\3C
System Integration and Test

o Starts with prototype testing.

» Penticton-site testing with substantial slice of correlator.

— Hopefully find bulk of bugs where they are easiest to track down and
fix.

 VLA-gteinstalled correlator testing. Run in parallel with old
correlator and gradually phase-in full operation.
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NRC-CN\3C
Delivery and Installation

* Prepare correlator room at VLA starting mid-2005.

e Install racks and cables at VLA mid-2006 concurrently with
production module test and system integration testsin
Penticton to expedite installation.

« Begin full installation ~late 2006.
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Design Reviews
e 3formal reviews:
— CoDR (now).

— PDR (before proto. construction ~mid 2004).
— CDR (before production ~mid-late 2005).

 Holdinforma 1 day internal reviews:

— interna quality control: consistency of methodology and design.

— when mgor milestone on a modul€’ s development is reached.
— senior engineers and project manager to recommend changes.
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NC-CN\C

Schedule

Date Milestone

Nov. 2/2001 Conceptual Design Review (CoDR). Design frozen.

Q1, 2002 New personnel in place. Designtoolsin place. Training and design work
begins.

Q1, 2004 Critical User Manualsin place. Device driver code can be written.

Q2, 2004 Preliminary Design Review (PDR). Designsready for prototype fabrication.

Q1, 2005 Prototype test at the VLA starts.

Q2, 2005 Prototype test at the VLA complete.

Q3, 2005 Critical designreview (CDR). Prototype testing complete. Ready for
procurement of production components and full production.

Q2, 2006 Production model test and burn-in, system integration and test in Penticton, and
rack and cable installation begins at the VLA.

4, 2006 Begin full installation at the VLA. Earliest possible start of installed correlator
testing.

Q2, 2007 Earliest possible” beta” sciencedata. (Middle of full installation schedule.)

Q1, 2008 Correlator commissioning. Correlator fully on-line for observing. Continuing
debug support available.

Q1, 2009 End of project. End of NRC debug support. Full handover to NRAO complete.
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NC-CN\C

Schedule

2002 2003 2004 2005 2006 2007 2005

D |Task Name 4 [1J2]a3Jal1J2]3]af1J2]3Tsa 3JafaJz2]aTalaJ2]3T]al1T=2]3T4]n1
1 |Correlator Development e : : v :

2 Preliminary Investigations Wrap-up

s Pre-project Tooling/Setup

1 Station Board R

45 Sub-band Distributor Backplane b g

55 Station Data Fanout Board Lo

63 Baseline Entry Backplane v

81 Baseline Board g

108 Phasing Board v

125 Phasing Board Entry Backplane i hg

137 TIMECODE Generator Box i S — : o— T —

151 System Design e ad i

182 |  Software Development e ; ; : .

187 All critical hardware User Manuals ready * 218 : 5
188 |CoDR - Conceptual Design Review »
172 |PDR - Prelim. Design Review b d
176 |CDR - Critical Design Review P : —y
180 | Single baseline prototype test at VLA rE-1[25%], 5rE-2[25%
181 |WLA single-baseline prototype test complete : :
182 | Annual Reviews for CFI v v
190 | Correlator Production £ a|
19 FProduction Components Ordering
192 Production model test/burn-in pE-1[10%],JE-2[10%],PT-1,PT-2 |
193 Productionfburn-in test bed construction &4
194 System integration and test--Penticton BrE-1,SrE-2,JEA[7 0%, JE-2[70%], SEHSE-1,HSE-2
195 ||nstallation and Testing ——— ———
196 Begin installation at VLA
187 Rack and cable installation--*LA&
198 Systemn installation and test-wLA E-1,5rE-2,5EHSE-1,H
199 Carrelator Commissioning £ ] ] | [ .
200 Dehug SUppDr‘t--VLA fu||5.- on-line 'ISTE-1_[1ll%]:,SrE-g[ﬂ]‘l"nI],SE[‘!ll%],!lSE-1_[3ll%]l,NSE-:2[3ll‘3:'n],NHF[3l]‘3"1]
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« CONFIDENTIAL
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De-scoping Options

Multiple FPGAs with same footprint...use affordable FPGAS at
production time.

Design FIR FPGAs with capability of 2-bit data + 2 filtersin one chip.
De-scope at production to save ~$300K.

Cheaper baseline rack cabling. If 1/2 cost, could save ~$370k. (not really
de-scoping...). Will serioudly investigate.

One LTA Controller/4 correlator chips: save ~$150k.

Build/install only 1/2 Station Boards for 8 GHz: save ~$900k.

1/2 size correlator chip in 0.25 nm: save ~$400k.

No recirculation, 1 LTA Controller/4 corr. Chips. save ~$650k.
Poly-phase FIR/FFT filter bank: save ~$700Kk.

Permanent 8 GHz design: save ~$2 million.
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NRC-CN3C
Summary

* High performance design tools.
o Sufficient personnel for schedule? (4 HE, 1 SE, 2 sup, ...).
« Corr. Chip: fab plan ok, need to investigate design plan more.

* Prototype construction: BGA inspection impossi ble without
X-ray machine $$3.

* Production: out-source, quality control, accelerated-life tests.
o System integration and testing: Proto., Penticton, VLA.
 Installation: start mid-2006, first beta science ~mid-2007.
 Budget: CONFIDENTIAL

e De-scoping options to save money ...
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