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1. System Requirements

oo
1

foacal tooe (WLL) system based on 3GPP Release of 11::¢:.1999.
User data rate 64-kbps-with .
Network capacity of at least 1 BTS and 2 58S,

Support of BTS and $S mode by the same baseband hardware by “on-the-

S i up to 384 kbps.

fly” reconfiguration of the L1 hardware by the microcontroller subsystem.

» Programmability and control performed by .

or ARM9-based

microcontroller subsystem.

FPGA-based implementation.

Complete L1 hardware and software.

L2/L3 interface code for ARM9,

L1 source code and PHY-MAC interface C source code as part of the
deliverable.

2. System Specification

2.1 General

Radio Access

3GPP Release i1 . 1999 W-CDMA as reference

Duplexing

FDD

Chip Rate

Programmable from 1.2288 till 7.68 Mcps with 3.84 Mcps as
standard parameter

Data Modulation

UL: Programmable BPSK/QPSK with BPSK as standard parameter
DL: Programmable BPSK/QPSK with QPSK as standard parameter

Spreading/Modulation

UL: Programmable BPSK/QPSK with QPSK as standard parameter
DL: Programmable BPSK/QPSK with QPSK as standard parameter

Spreading Codes

RAM-based fully programmable OVSF codes and Walsh codes,
length 4 ~ 512.

Scrambling Codes

Based on programmable Gold Code generators, with up to 42 taps
polynomials

FEC Interface

i v 4 soft bits, T and Q

Frame Length

Programmable in #slots per frame, with 10 ms as standard frame
duration.

Slot number per Frame

Programmable from 1 til 60 with 15 slots/frame as standard
parameter.

Power Control

UL: Open loop; SIR-based slot-based closed loop power control
with 80 dB range, step size = 1 dB; outer loop control.

DL: SIR-based slot-based closed loop power control with 30 dB
range; step size = 1 dB; outer loop control.

Independent I and Q power settings, with digital setting range at
least 20 dB, and resolution = 0.1 dB.

Detection Coherent detection in UL and DL; detection CPICH-aided or aided
by Dedicated Pilot bits (programmable between the 2 options).
Programmable Pilot filter over at least 4 slots.

Diversity Rake based receiver, with MRC, thresholded zero-forcing,

observable energy measurement per flnger

Subscriber Station

Fixed station » oo froting "o et g

Sirius Communications NV, ® 2000 CONFIDENTIAL INFORMATION Page 3 of 7
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Interfacing with AMBA based interface.. i+ 1o ",
Processor
L2/L3 interface Via DPRAM-based mailbox.

2.2 BTS Transmitter

Input data From interleaver via Serial Port

Output to Front End 1, Q at baseband

# transmitter channels R T T R S TN EORS FOTE B R TUR TS ' RN .
Configuration Each of the reconﬂgurable transmitter channels can be

reconfigured as DCH, CPICH, PCH or AICH.

Required minimum ACLR | At least 43.2 dB. Must be demonstrated by simulation result
performed with a Fixed point C simulation model according to
TS25.101 measurement conditions (relation between the signal
power measured after the baseband filter in a receiver that is
situated in the desired frequency band and the same signal power
for a receiver that is situated in the adjacent frequency band).

Required maximum EVM At most 2%. Must be demonstrated by simulation result
performed with a Fixed point C simulation model according to
T525.101 measurement conditions (square root of the ratio of the
mean error vector power and the mean reference signal power
expressed as ’ %).

2.3 BTS Receiver

Input from Front End Near baseband 1,Q

Output data To de-interleaver via Serial Port

Aliowed Implementation | BER and BLER according to 3GPP TS25.101 pedestrian speeds.
Loss

RACH Receiver Matched filter-based .. vooni ) o L0 00 0 b e

Rake receiver 4 fingers.

Rake specification MRC, ,thresholded zero-forcing, observable energy measurement
per finger.

2.4 SS Trans’ri'f-ﬁ_t:"cer

R

Input Data From interleaver via Serial Port

Output to Front End I, Q at baseband

# transmitter channels 1 reconfigurable .1 v N T T R S

Configuration The transmitter channel can be reconfigured as PRACH or
DPDCH/DPCCH

Required minimum ACLR | 43.2 dB. Must be demonstrated by simulation result performed
with a fixed-point C simulation model according to TS$25.101
measurement conditions (relation between the signal power
measured after the baseband filter in a receiver that is situated in
the desired frequency band and the same signal power for a
receiver that is situated in the adjacent frequency band).

" Sinius Communications NV, ® 2000 CONFIDENTIAL INFORMATION Page 4 of 7
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Required maximum EVM

2%. Must be demonstrated by simulation results performed with a
fixed-point C simulation model according to T525.101
measurement conditions (square root of the ratio of the mean
error vector power and the mean reference signal power
expressed as * ).

2.5 SS Receiver

Input from Front End

Near baseband I,Q

Output Data

To de-interleaver via Serial Port, I, Q on 4 soft bits.

Rake receiver/searcher

4 fingers

Configuration of finger

Programmable as searching finger or tracking finger (no specific
searcher block).

Rake specification

MRC, thresholded zero-forcing, observable energy measurement
per finger.

Maximum Rake time span

100 chips

Measurements SIR on DPCCH Dedicated Pilot bits.
AGC Control 80 dB range with 60 mV per step.
Allowed Implementation | BER and BLER figures according to 3GPP TS25.101 pedestrian.

Loss

SCH Acquisition

Number of slots programmable between 8 and 32 with 16 as
standard value. Hardware-assisted (Matched filter and correlator
bank) Cp and Cs acquisition. Thresholded maximum selections.

Match filter length

256 chips il U s i oy

Pt

Searcher Speed

Refresh rate (search over 100 chips span with 0.5 chips
resolution) of v j2a U1 S oo 2 possible options: matched

filter based search and finger-based search.

i3

3. Payment Conditions

To Be Defined.

4. Acceptance ‘i

Prior to the kick-off meeting of the project, a test plan will be defined : ..
N N DA IR

1odher

et /o by o LI Acceptance of the delivery will

be defined as compliance to the test plan. This compliance will be demonstrated
at Sirius Communications premises, in the presence of CSIST engineers who need

to approve.

5. Details on delivery

As part of the delivery, the following services are offered:

Sirius Communications NV, @ 2000 CONFIDENTIAL INFORMATION Page 5 of 7
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> Insight will be given to CSIST in the algorithms used in the SS and BTS
modules .1 o st or it Jdiagraines
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6. Guarantee
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Coeny Caed s conde o uon. BT tran oo

. In this way it is avoided that the IP included in the FPGA setup is a black

box only. This will allow the introduction of changes after the delivery !
(changes suggested by CSIST which can be implemented by Sirius /‘
Communications — o Litioa s To ez Dedinned sy, /
Training of CSIST engineers on parameterization/reconfiguration of the -
setup;

RT-VHDL of the peripherals hardware;

oo coddes, t_i_{'ﬁ;(}"{x Gooco b rnniliad e sl e b e e
C source code of tHe'I'1 software for the ARM9;
C source code for the 1 2/L3 interface software.

>

For a period of 1 year after the delivery, Sirius Communications will provide
support and maintenance for a maximum of 1 support engineer on average.
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Example of State Machine Implementation

integral

ignisin

* Finite State Machine des

with code in RRT
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TALITY &
Development of elements of 3G WLL i:-’-u
for CSIST a

Gregory Luxford & Frances Thomson

Micompany/CICSISTT 11871 4

Background (1)

o CSIST are interested in developing a WLL based on 3GPP
W-CDMA technology.

* Provide modern communication infrastructure for Taiwan
» Transfer knowledge of leading-edge technology to Taiwan’s industry.

» CSIST seek partners to develop elements of a 3G WLL.
* Development is an enormous undertaking.
* Managed team of engineers to complement their own activities.

TALITY
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Background (2)

+ Tality are in a unique position to assist.

+ Already conducted study of 3G WLL for CSIST (Burrito).

+ Experience of WLL developments (lonica)

+ Experience of RNC development (Diamond/Solitaire) network company
Currently developing SDL models of RLC & RRC for CSIST
(Cheiron).

* Roadmap to complete Access Stratum in 2001.

Large investment over past 3 years to foster a multi-disciplined
team

e L1,L2&L8

Significant experience of 3G
* training, attend standards bodies, internal R&D, develop IP portfolio

TALITY

Confidenthal

Key Requirements

 CSIST are interested in developing 3G products, starting with
WLL applications:; :-. :
« Initially: CS voice'& PS data
* Ultimately: PS (IP-based) voice & data

* GSIST require a complete software architecture for a WLL:
* RNC
* NodeB
+ UE

* CSIST want the SW solution
* modelled in SDL
» efficient tested C code

TALITY.
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Tality Approach

+ We have identified a set of tasks which can be done to fit into
next year
+ based on bottom-up approach only.
« We would welcome guidance from CSIST about what their
priorities are
« can revise this to realize CSIST’s short-term goals.
» We would like details of CSIST’s HW platform so that we can
estimate timescales and costs for porting of C code.

TALITY

Confidential

Business Issues

« We would like to understand how CSIST can manage projects
which take longer than one financial year.

* We request CSIST to document the details of their

procurement and-contracts process
« need to ensure payments/delivery terms are agreed up front
+ need to ensure that all parties are agreed on the complete contractual
terms before work starts

TALITY.
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Partitioning

» CSIST will purchase non-3G-specific elements (e.g. TCP/IP)
direct from a third party vendor (more cost-effective than own
development).

« Care is required in partitioning the system to ensure third party

elements can be integrated easily.
* Design methodology
* |mplementation
* Interfacing (ideally minimise umber of interfaces)
* Integration
» Test strategy

TALITY

Confidential
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Tality Solution

* Asafull 3G WLLd.éVeIopment would take 2-3 years to

complete, Tality proposes:

* Most 3G elements are split (e.g. development vs. porting) into work
packages of less than 1 year by duration, to fit CSIST’s financial year.
Some will be done in 2001; some deferred to following years.

+ QOther 3G elements which cannot be completed within a year (i.e.
RANAP & NBAP) will be discussed by Tality & CSIST to determine a
strategy to complete them.

» Define projects by level of effort , since CSIST's own budget for work
is allocated by government annually.

+ Some agreed mandatory deliveries; some additional work that is
limited in scope by the remaining budget

TALITY.
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Project Scope and Responsibilities: Tality SDL

* Project management and peer development of SDL to 3GPP
specifications (March 2000) of:

RNC NB  UE
RRC, RLC & MAC X X
PDCP
Wy
RRM
FP

lu-Up

Ko X X X X
>

+ Additionally the SDL models of the RRC, RLC, MAC & PDCP
will be integrated at this stage.

TALITY

Confidential

Project Scope and Responsibilities: Tality C Code

* Project management, peer development of platform
independent C code to 3GPP specifications (March 2000), and
integration of;

* RRC

RLC

MAC

- - L ]

PDCP

-

TALITY
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Project Scope and Responsibilities: CSIST

* Provide product requirements (for each element in the table) to
Tality covering:

functional overview
features to be included/excluded
other constraints

RNC NB UE

RRC, RLC & MAC X X X
PDCP X X
IWU X X
RRM X

FP X X

lu-UP X

TALITY

Confidential

Project Scope and Responsibilities: CSIST

* Development to SGF’P specifications (March 2000) of:

PHY r

* Delivery of MAC/PHY interface specification
¢ CSIST will implement own interface consistent with TS25.302

specification (March 2000)

* Provide delivery dates to Tality for all deliverable items.

TALITY
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Project Scope and Responsibilities: CSIST

 Purchase of suitable third party software for:

RNC NB UE

» LAPD (AAL2/AALS) X X
» E1(ATM) X X
¢+ CC& MM X X
e SM,GMM&LLC X X

 Tality are positioned to assist in this, as we:
+ can advise about choice of third party software
* aimto form an alliance (access & integration) with a producer of CC,
MM, SM, GMM & LLC
* plan to make vendor selection by end of January 2001

qFI

TALITY.
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Deferred Scope and Responsibilities: Tality

+ RANAP & NBAP do NOT form part of the proposed work at this
stage. However they are are a natural extension to it, and could
form the basis fqr,‘\f:L_gzt_ure projects.

« Other work could-include:

* update SDL to more recent versions of the 3GPP specifications (parts of
this will be done as internal R&D and access will be granted for an
upgrade fee)

« integrate SDL modules with each other (where not done already)

* encode in C as platform-independent modules (where not done already)

* integrate C modules with each other (where not done already)

¢ port C modules 1o selected hardware platforms

* integrate C modules with third party software

Sl
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Deferred Scope and Responsibilities: CSIST

» Activities for CSIST to consider:
* selection of hardware platforms for each part of system
* approvals
* trials
+ Tality would be happy to quote for supplying consultancy
services in these areas.

TALITY

Confidential

IP Elements

* Tality IP blocks (SDL & C code to March 2000 specifications)
needed for project:: ;

* RRC extended functionality
* RLC
¢« MAC
» PDCP s
* Third party IP blocks needed for complete 3G WLL project:
+ AALZ2/AALS Trillium or other
* ATM Trillium or other
+ CC&MM Tality’s partner or other

¢+ SM,GMM & LLC  Tality's partner or other
o Tality can supply exira services in this area if required.

ar
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Deliverables

* Phase 1: Definition
« Documentation: functional spec, interface spec & test spec
* Management strategy: project plan, quality plan, risk analysis, scope
priority

* Phase 2: Implementation
* SDL models for all elements, with peer test scripts and results
» PC-targeted C code for MAC, RLC, RRC and maybe PDCP
* Documentation: updated functional spec, interface spec and test spec

* Phase 3: Transfer
* Presentation about design and operation
» Statement of scope (fixed price, variable scope)
* Training & support (scope to be agreed)

TALITY

Confidental

Dependencies

* Successful completion of the project relies on CSIST providing
Tality with: -
« Timely feedback on all communications (e.g. queries, change
requests, and acceptance procedures)
« Al data or inputs requested during the project (e.g. interfaces and test
harnesses derived from third party blocks)

* Dependencies and slippage will be documented:
* Dependencies on CSIST will be listed in the Statement of Work
+ Slippage (affecting timescale and /or cost) will be recorded in change
orders issued by Tality.

il
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Working Assumptions

» SDL will be produced using Telelogic Tau v4.1.1 or later

o All C code is platform-independent, delivered on PC platform

+ Work on purpose-developed elements will start by 1 April 2001.
« Work on licensed elements will start as per current Tality plans.

* All elements will be developed to the March 2000 version of
3GPP specifications. Upgrades to later versions may be

available on payment of a licence upgrade fee.

» SDL & C code of MAC, RLC, RRC & PDCP will be integrated.

» SDL models of FP, lu-UP, RRM & IWU will be developed as
initially isolated peer systems (i.e. NOT integrated)

TALITY

Confidential

Schedule Estimate

* Licence availabizl'i{y (SDL integrated systems)

Duration
« RRCfull 5m- -
* RLC 2m:.:
* MAC 6m
* PDCP 5m .}

Work Start
Apr 01
in progress
Feb 01
Feb 01

* Development work (SDL peer systems)

Duration
¢ WU 8&m
* RRM 8m
» FP 6m
* |u-UP 7m

Work Start
Apr 01
Apr 01
Apr 01
Apr 01

Licence Available
Sep 01

Jan 01

Aug 01

Jul 01

Work Finish
Dec 01
Dec 01
Oct 01
Nov 01

TALITY
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Schedule Estimate

* Licence availability (C integrated systems)

Duration Work Start Licence Available
*+ RRC 5m Jul 01 Dec 01
+ RLC 4m in progress Feb 01
« MAC 3m Aug 01 Nov 01
« PDCP 3m Jul 01 Oct 01

TALITY

Confidential

Risk Analysis

Tools do not work as described by vendor.
* Exercise tools before use on project
« Develop work around
* Request vendor g remedy problem
Tools are working at edge of performance (size or type of task)
* Upgrade tool (if available)

* Use compatible alternative (hybrid language/environment development
solution)

Procedures in 3GPP specifications do not operate properly
+ Clarify using later specification (if available) or 3GPP reflector
*  Omit (replace with stub) at discretion

Others

* To be determined

TALITY
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Open Issues

* Select version of 3GPP specifications to which work shall be

done (assumed to be March 2000).
* Revise work estimates if later version of specifications is required

* In some instances later versions of the specifications will be used at
Tality’s discretion to resolve ambiguities in the selected version of the
specifications.

» |dentify mandatory and optional tasks (or agree appropriate
proportional split)

* Agree pragmatic approach to mix of SDL & C at low level in
design phase.

TALITY

S ) Confidential

Commercial Model (1)

+ Licensed elements:
+ Offered on a fixed price basis.

« Developed elemerits

» Offered on defined level of effort basis (avoids high premiums
associated with the high risk of fixed price developments, and
introduces incentive for Tality to complete work efficiently).

+ CSIST and Tality will agree a core set of mandatory tasks, an
additional set of optional tasks, and a fixed budget.

* Tality will complete all mandatory tasks.

« Tality will use remaining budget (if any) to finance optional tasks, until
such tasks are complete or all the budget is spent (whichever happens
sooner).

* Tality will be awarded remaining budget (if any) as a bonus.

TALITY
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Commercial Model (2)

* |nvoices
* Five equal payments.

» Payment due on first working day of Apr, Jun, Aug, Oct & Dec 2001.
* Payment terms, strictly 30 days.

* Reports
* |ssued monthly

° Indicate progress against identified tasks and timescales.
» Justify deviation from estimates.

ils

TALITY
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Summary

* 3GWLL developmeht is an enormous undertaking. Tality is in
unique position to assist.
» Anticipated schedule
* Full 3G WLL development would take 2-3 years

+ Propose to ‘divide and conquer’ into manageable blocks that fit with
CSIST's financial year.

* Estimated cost
* Inthe range $5.0M - 8.0 M (when detailed functionality is agreed a
more refined quote can be given)

* Defined level of effort (DLOE) and focus on most important aspects of
tasks.

J.TF
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Next Steps

* Agree scope of project.
* ldentify mandatory and optional tasks (or possibly the proportional split
of work for later allocation).
+ Define functionality/scope of each protocol layer in detail.

 Professional Services Agreement.
+ Legal and commercial engagement.

o Statement of Work.
* Project activities, deliverables and payments.

TALITY

Confidential

The purpose of this document is to assist common understanding of project
requirements and provide information in support of the budgeting process: it
doe_sin_o_t constitute an offer to render services.

Estimates of cost and schedule presented here are based upon our current
understanding of the project scope and may need to be revised prior to
agreement of a formal Statement of Work.

This document was presented to CSIST on 6 December 2000 and is valid for
a period of 30 days immediately following this date.

TALITY
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A few abbreviations:

1H1C : "One hot, one cold" MCSx : Monitoxr & Control Semsor electrenics, type "x"
1653B : Mil-Std-1553 B MEYM : Memory

ACC : AntiCoincidence (or Vete) Counters 0TL : Dut to lunch

ACOP  : AMS Crew Operations Post 3 : Initial for Povwer related objects.
ADC : Analog to Digitial Converter (also A/D)  PAS : Payload Attachment System

AMS : Alpha Magnetic Spectrometer PCA : Printed Circuit Assembly

ASIC  : Application Specific Integrated Circuit PCB : Printed Circuit Board

B/H : Bulkhead PDB : Power Distribution Box

BP : Backplane PMT ¢ Photo Multiplier Tubes

[ : Initial for Cryomagnet related objects. POCC : (our) Payload Operations and Control Center
C&D : Command and Data R ¢ Initial for RICH related objects.
CAB : Cyromagnet Avionics Box RDR : RICH Data Reduction

CAN : Contreoller Area Network RFE : RICH Front -End

CCDB : Cryocoolex Control & Drive Box RHVC : RICH HV Controller

ccs : Cryomagnet Current Source RHVG : RICH HV Generator

CCsc : Cryomag Controller and Signal Conditioner RICH : Ring Imaging CHerenkov detector

CQMD : Cryomagnet Quench Monitor and Driver RPC : RICH Power Controller

CSP : Cyromagnet Self Protection unit RPD : RICH Power Distributor

CVA : CryoValve Activator RT : 1553B Rémote Terminal

DAC : Digitial to Analog Converter s ¢ Initial for Scintillator related objects.
DAQ : Data Acquisition SBP : Scintillator BackPlane (not foreseen).
bsSp : Digitial Signal Processor SDR : Scintillator Data Reduction

E : Initial for EMC related objects. SFEA  : Scintillator Front End: ACC

ECAL : Electromagnetic Calorimeter (also EMC) SFED : Scintillator Front End: Dynecde

EDR : EMC Data Reduction SFET : Scintillator Front End: ToF

EFE : ECAL Front End SHVC ¢ Scintillator HV Controller

EHVC : EMC HV Controller SHVS : Scintillator HV Supply

EHVG : ECAL HV Generator SPC : Scintillator Power Controller

EMC : Electromagnetic Calorimeter (a.k.a ECAL) SPF : Single Point Failure

’ : also Electromagnetic Compatability 3PD : Scintillator Power Distributor

EML : Electromagnetic Interference 3TS : Space Transport System (the Shuttle)
EPC : ECAL Power Controller SW : Side Wall

EPD : EMC Power Distributor T : Initial for tracker related objects.
F/0 : Fiber Optic T/T : Trigger and Timing

FP : Front Panel TBP : Tracker BackPlane

FPGA : Field Programmable Gate Array TBS : Tracker Bias Supply

Fmt. : Format TDC : Time to Digitial Converter

GA 1 Gate Array TDR : Tracker Data Reduction

HRDL : High Rate Data Link TDRS : Tracking and Data Relay Satellite
HY i High Voltage TFEx : Tracker Front End, type "x"

ISS : International Space Station TPC : Tracker Power Controller

J i Initial for Trigger and DAQ related . TPD : Tracker Power Distributer

J422 : RS422 Mulitplexer TPSFE : Tracker Power Supply, Front End .
JBP : J-crate backplane TRD : Transition Radiation Detector (initial "U")
JBY : JMDC BUffer ToF : Tome of Flight

JET : ECAL Trigger D Tot. : Total

JFOM  : Fiber optic Multiplexer R U : Initial for TRD related objects.

JIM : JMDC Interface Module C UBP : TRD BackPlane

JINx  : DAQ Intermediate node, type "x" UDR : TRD Data Reduction

JMDC : Mastexr DAQ Computer s UFE : TRD Front End

JMTT  : Master Trigger/Timing UGBC  : TRD Gas Box "C" {(Control)

JPC : Trigger & DAQ (J-crate) Power Controller UGBS : TRD Gas Box "S$" (Supply)

JPD : DAQ & Trigger Power Distributer’ URVC  : TRD HV Controller

J5BC ¢ JMDC Single Board Computer UHVG : TRD HV Generator

JTRG : Main Trigger UHVS . TRD HV Supply

L.AB : Laser Alignment Box UMA : Umbilical Mechanical Attachment

LRDL : Low Rate Data Link UrC : TRD Power Contreoller

M : Initial for Monitoring & Control stuff UPD : TRD Power Distributer

HEC : Monitor and Control UPSFE : TRD Power Supply, Front End

MCB : Monitor & Control Box USCH : Universal Slow Control Module

MCC : Monitor & Control Computer ZFT : Zero Fault Tolerant

AMS Electronics 2 Dec 00
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AMS::ISS Interfaces

TDRS

Electrical e
- Interfaces e

-l
o
o
X
@)
—
1

124VDC Power
1553B LRDL
Monitoring

& Command
EventData

Power, Low Rate and High Rate interfaces:
® For ISS: PAS (mechanical) contains UMA (connector).
® For STS: PEDS connected to shuttle electronics.
e On Pad: PEDS connected via TO to ... to AMS-GSE.
e Before: Direct connections to AMS-GSE.

AMS Electronics 4 ] Dec 00



AMS DAQ Scale:
“Channels”  AMS 01 AMS 02 type

Si Tracker 65,5636 196,608  Strips; Ampltude
ToF + ACC 480 384 PMT; Time, Amp.
bty & Trigger
Cerenkov ( Ri ¢ k) 84 33,792 . PMT pixel; Amp.
TRD - 5,248 | ere Amplitude
ECal : 2,592 ) Fjl\/IT Pixel;, Amp.
: Al & Trigger
DAQ Links .
Total 238 ? 686 5%

Active 99 ? 279

Raw data rate:
5 Mbit ® 200-2000 Hz 1 — 10 Gbit/sec.
(1000 day mis_sion total > 107 bits)

I

Data reduction, ﬁlterlng
12 Kbit ® 160 Hz avg. = 2 Mbit/sec,
1GByte/hour

0O

—

AMS Electronics 5 . Dec 00



24
Crate, Card and Box Counts

Crates:
Qty Name Cards Function Location
V'8 T-crate (21) Tracker 2 [rack
v 2 U-crate 15 TRD 1 /upper racks
4 S-crate 9 ToF+ACC .1 /rack
4 R-crate 7 8 RICH i. “lower strut
? 4 E-crate 7 8 ECal .. ilower strut
v 1 Jcrate 22 DAQ & Trigger lower ram rack
2 CCDB 3 Cyrocoolers 1/upper racks
1 PDB 12 power lower wake rack
4 MCB b M & C, thermal 1/rack
1 LAB 5 alignment thd.

~ 360 cards plus power supplies.

@Crates of 10 types (AMS 01: 22 of 6 types)

Other boxes:

Qty Name Function Location
1 UGBS “TRD gas wake port
1 UGBC z_}TRD gas wake port
1 UGE TRD gas elec.  wake port.
1 CAB "Magnet wake starb.
1 CVA  Magnet valves  wake center

AMS Electronics

Dec 00



AMS 02 Crate Thermo/Mechanical Sketch

Towards

P
Cable Zone

. p -
()]
et
3
e} :
‘T H
=
0
0
£ & B ' » 2 g
- g ; i c
£ 2| = Crate AMS 02 S 8
~A Y\, O f = Back- . @ g
2 Q¥ plane Electronics 2 %
& 21 Card e °
i
(IJ :,_’1.
B
;\g\s\’ QO
LLLEL a1y
gunk | High Power
o —=| Component
S below ‘| (near wall)
@
Ve
= !
o OV ]
a1 0
o 31
Q/N\Q,

Cable Channe

e 230 mm M.Capeli Oct 00

crate_1

R

Crate design start_ed: by Carlo Gavazzi Space, Milano.

- 4T) vhE g
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For this Crate rack design the thickness (261 .5 mm) and back vertical wall position (in Y) are fixed. if needed .
crates can be made deeper (230mm+) such that they prodrude past the box beam structure towards AMS.
Crate length (X) can also be negociated.
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Typical Subdetector Electronics Scheme:

: Subdetector DAQ | !
| | pap. | Data
! DSP lRedulctlon __I
! Digitization i i B | . 3 Global
| 1M o R [ : E =
Detector [> — Y i~ ADC |= 'Gate p; DAQ 3 paq
e JArraysl] Link
1 : 4 Gate 4 L ii‘ :BUSL
e HE o Trigger
: : Trigger Input S == 1199
\(H)V Detect.y \_Vdd (Analog) /\ Vdd(Digital) J
L
/| y/am y/ - Global|
1 = M&C
Subd.
Monit &
Control
Subd. JGlobal|
Power 28 VDC 3 Power

e Subdetector specific_f};arts:
Digitization, Timing signals (Gate, Busy), Trigger Inputs,
HV and analog power supplies.

o Subdetector common® parts:
DSP to GA interface, DAQ Links,
Digital power supplies and power supply control.
Much in common with upper DAQ levels (JIN) boards.

AMS Electronics 10 ) K Dec 00
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PDB: Power Dlstrlbutlon Box

“"124"-28
pc-DC
Cnvrtr .

EE

1KW,90%

SSPC

A

-
!
i
== sspc |
i
?h.:‘z}.. sSPC ]
=

@ "124"-28 ===

ll'-l 24"
VvDC

Main

AUX o[ o ey

from
ISS

GSE O—@ 12428 |

ooy 1. T é

Switched 28 VDC Feeds
to ~8*4 Subsystem Units

- .._-. e e e e e e e e e e e e e e e e e e e e e o — e =

to CAB

® i UNSWITCHED

"124" VDC

TBD

* to Cryo
Coolers

Unswitched 5,+15 VDC

OO----0

L g
to MCC
etc

;+ e e e et et e e et e a1 o
i CAN Bus C&D Link
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Power Architecture

e 124 VDC converted to 28 VDC in PDB.

e Each crate or box receives one (or two) 28 VDC feeds.
o DC-DC converters to useful (3.3, 5, 12, 2500, ...) VDC.
e Common specifications for these converters agreed.

o CAEN is designing custom converters for AMS 02:
Pro: high-efficiency, low-noise, flexible.
Con: flight experience, discreet.

e Also using common approach to pbWer monitoring and
control based on USCM card from Aachen.

ISS can provide only 2000 Watts:

Power is tight.J

We also need thermal management to get rid
of the waste heat from every watt we consume.
(loops, pumps, radlators)

Revised CRATE WALL thermal specs:
Storage: —40 to +70: C
Operation: —20 to +50 C

AMS Electronics 13 . Dec 00



Data Reduction Unit (xDR)
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Document Type:
OFF.REP.00

Title
AMS-02 DC/DC Converters

4.3 S90XX PROTOTYPE — PHELIMINARY DATA SHEET

©

H@ID

Pin1 «- |-

input +

v v Yy Y Y Y Y YY
P - wn O Mg 2
= < E =585 cc
T o @ =
z 3 s c855g
- a FesoEC G2
72} HhEZ o5
o = o Ez =
S B 5 ™ o5
ped
a S5 v 2 =
[< - @ =z L
£ = =5
LL_‘

DC/DC S90XX prototype layou

Electrical Specification

- »Pin 11 Qutpul t
- »*Pin 12 Output 2
- »Pin 13 Output RTN
*Pin 14 Oulput 3

- »Pin 15 Ground

Type V Input Output 1 Output 2 Output 3
Vout lout max Vout lout max Vout lout max

V) [v] [A] [V] [A]__ V] [A]
$9021 28+1.5 +5.6 0.9 +2.8 1.2 2.6 24
59022 2841.5 +5.6 1.1 -5.6 1.1 == ==
59023 28+1.5 +3.8\ 6.9 == == == ==
59024 28415 +5.3.. / 4.7 == == == ==
59025 28+1.5 +1256/ - 0.01 +68.0 0.2 -6.0 0.2
59026 2815 | +120.%| TBD | TBD() | TBD - —

BOL (1) | ()
$9027 28 1.5 +36 | TBD (3) 26 TBD (3) —— == |
NOTE
(1 To be defined according to CAéN: custom solution for the control parts supply voltage specification.
(2) To be defined if will be added a +5.xV for the CAN bus channel in the xPC board based on USCM board.
(3) It is fixed the maximum output power to 10W, to be defined according, to RICH Front End chip request,
the unbalancing between the two channels.

NPO: File Name Number of pages Page
00109/00:0FFER.REPX/03 Final, OFF_DG(rev03).doc 25 23

This Document contalns proprietary information of CAEN S.p.A. All Rights reserved
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AMS-2 JSBC and JBU Deveiol)meng
Preliminary Design Review (PDR)

CSIST
28-NOV-2000
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Agenda
* Requirement
* Design Goals

Radiatior_i{”_\_l—gl‘érden Assurance

JSBC and JBU Design Specification
* Design Approach
« Risk i3

£3
St f

+» Schedule and Milestone

* Conclusion
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Requirement

Functional requirement

Input/Output requirement
— Power requirement(TBD)
— Data bus requirement

~ Communication requirement

Physical requirement(TBD)

— Size,shape,connector....

L ]

Reliability requirement

* Environmental requirement

@)

Pl M B AT 4
L FiR R AT

CsIsY

Functional Requirement

* Collating event data from the intermediate
DAQ s

* Applying the level-3 filter algorithm

. Collecti%&fa copy of the monitoring data (for
MCC ?)m;
A, 4

» Blocking, formatting and buffering both the
event and inonitoring data for the HRDL

From Mike Capell’s Presentation Material 5

{ )1
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Environment Requirement

+ Static Loads 40+10+10g
* Random Vibration to 6.3g (rms)
* Vacuum

— Heat dissipation by conduction and radiation
* Thermal range

— Storage :-40° t0 80 °C.

~ Operation : -30 ° to +60 ° C.
* Radiation Dose ~Kilorad/year
¢ Heavy lon single event effects
» Stray magnetic field up to a few hundred Gauss
« EMC
» Lifetime : lyear test, 3+ years no access

&

From Mike Capell’s Presentation Material ¢ LH B R ﬁ,&?:é’

& F R At

C815T

Design Goals

* High performance CPU to manage event data and max. data
throughput

¢ Large buffér!hiemory 1o store the data

« Low powet oghsumption

* Different typ \V(iémmunication channel and data routing scheme
* Operate ad_‘cag_zité]y in the radiation environment.

nt Main DAQ computer(JMDC)

- PowerPC-;].S‘ ' single board computer
- 2G bytes mem ry buffer
— Interface modtile (CAN, AMS-wire, HRDL, RS-422)

« Trade-off

— Availability, power, volume, performance and cost of radiation~
hardened devices

+ SEE mitigation i N

- Hardware, software, device tolerance requirements *:&giﬁ;’z:ﬂ .,
w7 -
CSIST

&y

a



Top Level DAQ Architecture

AN L W —
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JMDC Architecture
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Design Overview

+ Concept development
— Survey of space qualified components
— Investigate radiation effect mitigation design methods
— Tradeoff study different approaches
* Prototyping Hardware .
~ Provide prototype board design specification
— PLD and Board Implementation ‘
— Test code gencration iy
» Tlight Version Hardware o
— Fix hardware problems discovered 1n prototype board
— Find solutions that made use of available parts
* Integration Test ﬁgf’j
"‘j’{ LD R
e

Evaluation and Integration

* Operation Test

— Perform to verify the operational readiness and localize
malfunction ..
* Qualification and Reliability Test
— Test in CSIST, :
~ Test 1temTBD
- Supplexneﬁf;&ééf equipment: TBD
~ Test procedure: TBD
~ Test specihéat‘ién: TBD
* Integration with detectors
— Testin ETH
-~ Test in KSC

{
R e
i >
e CSIST

I
~



Radiation Harden Assurance

* HA Program management

* HA Design support

* HA Test and analysis

* HA demonstration and inspection
» Configuration management

* Parts and materials control

* Quality management

* Production controls

* HA training

MIL-HDBK-817 E
System Development Radiation Hardness Assuranceﬁ%wﬁm%c%‘
&R A

CSE8T

Parts Control

¢ Strategy for pre-selecting components and
qualifying batches

* Procurement strategy

« Standard test methods
—Total ioniZihg dose, single event effects

* List of the components used in this project
~Build the &lectronics components data base
— Collect available data

« Setup irradiation facilities

. 1 ‘é\
Define Derating Rules mwv@f@
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SEE Mitigation Technique-Control

Watchdog timer to monitor operation

— Implemented in hardware or software

— Active or passive

- Multi-level, subsystem to subsystem, board to board, device to device ..
Redundancy hardware 7 i
— Provide means of recovery from a SEE on a system level
- Operating two identical circuits with synchr&ﬁiejd clock
— Voiting to choose the output that at least two agree.

b *
sy B

Redundancy command structure R

~ Two commands trigger an event with different.data or address
Current limiting circuit A
Recycle power

L
T AA

&

CSIST

L

SEE Mitigation Technique-Memory

Parity check

— Single bit error detect
CRC (cyclic redundancy check) code

— Detects if'a_ny errors occurred in a given data structure
Hamming codé .

— Single bit correct, double bit detect
Reed-Solomoncode

— Correct conééét;tive and multiple bytes in error
Convolution encoding

— Correct isolated burst noise in a communication stream
System level protocol

- Retransmission data @
T T
e >

CSIST




JSBC and JBU Design Specification

* JSBC Prototype Board Hardware Design
Specification
Initial 1ssue:OCT-12-2000
Document No. CSIST-AMS-MDC-001

* JBU Prototype Board Hardware Du51gn Spec:ﬁcatlon
Initial 1ssue:OCT-13-2000 :
Document No. CSIST-AMS-MDC- 001

i
%.3_ G

O L 2] }{Fﬁ‘iﬁ}

e CSIST

JSBC Prototype Feature(l)

* CPU (Central Processing Unit)
- PowerPC750

— 6 execution units

— 32K bytes In:,tru(.non & Data non-blocking L1 caches
— Dual Memory Manaocmcm Units (MMU)
— On-chip debug suppon (COP and JTAG)
~ Advanced power ‘management
— 64-bit data 32- blts address
— Processing performance at 488MIPS@266 Mhz, 733MIPS@400 Mhz
* Memory
~ Boot PROM: 128K bytcs 8-bits wide
-~ Flash EPROM: 16M bytes, 16-bits wide
~ SDRAM: 144 Pin SO-DIMM SDRAM socket supports up to 2564
bytes, data bus width 72-bits with 64 bits data and 8 bits ECC %@;}
L ER AR
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JSBC Prototype Feature(1l)

* 12 external interrupts, individually maskable
* PCI2.1, 32-bits, 33Mhz, with 5 bus arbiter ( REQ/GNT signal)
Watchdog timer and supervisory circuit

= Power-on-reset, external reset
* Timer to monitor the CPU operation P
* Power supply monitor R
= On-board Peripheral

Serial 1/0: Two 2-wire UART (16500 compatible)

General purpose timer: 32-bits time base, 5 capture cvcnt timers and 5 compare
timers

1IC interface : two independent 11C interface

Control register: Control/status registers, Watchdog re;tart/rc'id enable/disable
register

* CompactPCI system slot, PICMG 2.0 compliant

Form Factor : 9.19 inches by 6.3 inches CompactPCl 6U board size with
conduction cooled

,.‘\'
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JSBC Prototype Block Diagram
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JBU Prototype Feature

Memory

— SDRAM: Available capacity range from 1G bytes to 2G bytes( dependent on
SDRAM technology in the commercial environment thus ensuring future
availability of higher capacity.)

— 2 individual memory section architecture with latch-up protection circuit. can
be powered on and off separately A

- : 3
SDRAM control function Co
~ Support auto pre-charge mode and burst mode o0

— Provide four commands: Mode register write, burst wrile, burst read, refresh
— Automatic refresh

~ Low clock skew between FPGA and SDRAM
PCI 2.1 compliant, 32-bits/33Mhz target function
CompactPClI peripheral slot, PICMG 2.0 compliant
Form Factor : 9.19 inches by 6.3 inches CompactPCI 6U board size with

conduction cooled }(‘q@?}

LEUELE 233
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CSI5T

JBU Prototype Block Diagram

SDRAM SORAM
RANK 04 BANK I
&40M136 [ZATER

SDRAM

SDRAM Fower Supply

Enable £1Mx34

Current S<nse and
Latchup Proteciion

ADDRESS/DATAControl ADDRESSDATA Coatrol
Cold Spacing Buller Cold Spanng Bubicr

N SDRAM BUs [32bit+ 4bits Farity) >

Canirst ADDRESS DATA Cst

SDRAM

Qlack — s [ Comtrot/ z : I
Status SDRAM Conrolicr
7" Registar
. : P Interrupt
Contrpllee

Backplane Connector < CFCI Connector (32.bi/33Mbz PCT Bus) A> feg%{
f

JBU(Memncy Buller)Bloek Diagram Tl ﬁf}&fw
SR (‘;l?l'
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Physical Board Dimension

2335mm -

160mm

AR R
+ -J.vﬁﬂ-"ﬂ”‘n",?ﬁiz?‘
5 T4 A

CSIST

Design Approach

Study circuit of evaluation board
Adopt the example circuit for design
IFPGA logic design and simulation
PCB schematics

Boot code and test code generation
PCB placement and routing

PCB manufacture and assembly
Debugging

Functional test and verification {G}ﬁf
AL R b R

ot i e
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PLD and Board Implementation
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PCI Target Evaluation Board

? AD10] U DATA[310
e V;’—b"—-
CIBE(3 0]* U_ADDR(i6 0]
—par &—'} £
o FRAME® ] U_C5[20) H
TRDY* ] e =
IRDY* 2
STOP~ . £,
DEVSEL® a.,, U ADV o
— toser ] = E =
5 |___Uapse- -
= CLE E U ADSC L
= RST* e 3 U BWE g
= o2 U OE* -
PERK" 23 U LK N =
SERR” 30 | U MODET LAV
== U GW= SiL
INTA* - vzz | ¢
INTB* ___
INTC®
NTD* .
| . -
ok PROG DATA %, 3
1 o=
o Coneel | 32 2
4 A

VLS 2 Km@
iRt

CSISY

*

*

Radiation Effect Consideration

Radiation harden component

— Expansive and lead time uncertainly
Radiation-shielding Conformal Coating
— SEI RAD-COAT, for total ion dose
Shielding .
ACTEL vs. Xi Inx
EEPROM vs. PROM
EDAC vs.Parity check

o)

LR ER >
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Risk

The primary risk is the radiation qualification problem
for components which are needed to provide the
performance at low power.

The judgment and examination of CPU performance
to manage the complexity of data channels.
SEE mitigation method depends on many factors

which must be considered at the systemhand project
level 4
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Schedule Milestones

OCT,2000 first issue JSBC design specification
OCT,2000 first issue JBU design specification

Jan,2001 JSBC prototype board circuit design T\\
Mar 2001 JBU prototype board design circuit demgn )

. - - /
Jun, 2001 JSBC prototypc ‘board delwery [

e T
== ———

1"1mc TBD JSBC _ﬂ‘lght version spcmﬁcauon confirm
Time TBD JBU flight version specification confirm
Time TBD JSBC: flight version board delivery

Time TBD JBU flight version board delivery

& S B SR TORL
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Conclusion

Need more sample methods and design techniques to

reduce radiation effect impact

Availability of space qualified components

Firm up the requirements, changes ‘lllOWed with little

impact to design

Limit R&D manpower, schedule contmgent on the

loading of other projects
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