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1 General

1.1 Introduction

The NGST Space Segment Single Board Computer is a common subassembly used in multiple places on the Spacecraft (SC).  It resides in various assemblies within the SC Bus Command and Data Handling (C&DH) subsystem, the Instrument C&DH subsystem, and possibly other subsystems.  The C&DH subsystem will have dual redundant SBCs.  The overall SC development will require a significant number of SBC Engineering Test Units.  The SBCs will have general spacecraft computer capabilities including software program execution, data processing, data storage, data communications, and timing.
Numerous requirements within this document will contain one of three special designations:  

a) The first designation is “B” and it indicates C&DH Basic requirements

b) The second designation is "O" and it indicates an Optional requirement that should be treated as a line item feature that is not part of the baseline model.  

c) The third designation is "U" and it indicates a major Upgrade requirement that should be interpreted as a future upgrade specification that is not part of the baseline model.  However, Upgrade requirements would necessitate the baseline model to be capable of evolving to the upgrade specification with minimal cost, schedule, and technical impact.

All technical SBC specifications shall use the metric unit system.

1.2 Applicable Documents

TBD

2 Electrical Requirements

2.1 General

Main SBC elements described below in this Electrical Requirements section are:

a) CPU

b) Different type of memories

c) Data buses

d) Peripherals

e) Operating software

f) Auxiliary electrical parameters

2.2 Central Data Processing Requirements

2.2.1 Main Requirements

The Central Processing Unit (CPU) of the C&DH shall comply with the following parameters:

Data bus width:





64 bits, or more

Sustained speed of operations @ max clock speed:

At least 80 MIPS (B)









At least 750 MIPS (U)

Peak burst performance @ max clock speed:


At least 160 MIPS (B)









At least 1500 MIPS (U)

Performance evaluation benchmark:



To be provided by the GSFC

Possibility to work at reduced clock speeds:


Yes (O)

Clock speed change method:




Software programmable (O)

Capability of static operations (hibernation):


Yes (O)

On-chip Floating Point Unit (FPU):



Yes, IEEE-754 compatible

Instruction cache:





At least 32 Kbytes

Data cache:






At least 32 Kbytes

Memory Management Unit (MMU):



Yes

2.2.2 Development Equipment Compatibility

The CPU for the SBC shall be 100% compatible with standard COTS test equipment available from third party vendors.  Test equipment shall include:

a) IEEE 1149.1 JTAG test and debug interface for Flight Units (FU), Engineering Test Units (ETU), and Breadboard Units (BU);

b) In-circuit emulators for BU only;

c) Logic analyzers for BU.

The contractor shall select or design interface connectors that are 100% compatible with instrument manufacturer hardware and which will provide a seamless attachment of the above COTS instruments to the SBC.

2.2.3 Required S/W Compatibility

The CPU for the SBC shall be 100% compatible with standard products from Wind River Systems, including VxWorksTM Operating System (OS) and TornadoTM debugger including Board Support Package (BSP).

2.2.4 Evolution Capabilities

Considering that the NGST satellite will be launched by the end of the decade – the SBC shall provide, as an option (O), a seamless solution to upgrade the SBC to a higher end CPU available on the market and approved for space applications within 36 months (TBR) from the effective date of  the contract.

2.3 Parallel Data Buses

The SBC shall contain two (2) parallel data buses:

a) Internal – local bus.  This bus shall connect all SBC internal peripherals, CPU, and memory.  Data width is TBD and shall be defined by  the contractor.

b) External – Compact PCI (cPCI) with 3.3Volt 32-bit backplane.  This bus implementation shall be fully compliant with the timing and functional requirements of the PCI Special Interest Group’s (PCI SIG) PCI Local Bus Specification, Revision 2.2 (www.pcisig.com) and PCI Industrial Manufacturers Group Compact PCI Specifications PICMG 2.0 Revision 2.1.  (www.picmg.com).
In general, an SBC cPCI bus, as a minimum, shall be capable of:

a) Support clock speed of 33 MHz, or lower (O);

b) Support multimaster architecture;

c) Support zero-wait state unlimited burst transfers up to 133 Mbytes/sec;

d) Provide automatic re-iteration of interrupted transactions; 

e) Provide 4 independent DMA channels configurable from the PCI side and local side;

f) Support target interrupts;
g) Provide compatibility with 5V CMOS logic signals; 
h) Provide 3.3V distribution with sufficient amount of power between SBC and peripherals;
i) Provide non-dedicated lines for future system expansion.
The SBC shall support cPCI bus arbitration according to above-mentioned standards and shall support a bus arbitration algorithm for at least 4 (TBR) PCI Masters on the cPCI Bus backplane.

2.4 Memory

The SBC shall support the following types of memories (please note marked differentiation between two SBC models B and U; and keep in mind that all overhead memory used for error detection and correction (EDAC) purposes shall be treated as an addition to user available amounts of memory):

2.4.1 Cache

An L2 type 512 Kbytes (TBR) of single error corrected (SEC) cache memory.

2.4.2 Volatile RAM

The SBC shall contain no less than 64 Mbytes of volatile program storage area of RAM available to user with Double Error Corrected (DEC) protection scheme (TBR).  This RAM shall be of the fastest type with minimal wait states. 

For a basic system, (B) there shall be an additional bank of up to 256 Mbytes of data storage area of SEC RAM available to the user.  The contractor shall also provide cost for another optional bank of 256 Mbytes of SEC RAM.  

For a higher end system, (U) there shall be an additional bank of up to 512 Mbytes of data storage area of SEC RAM available to the user.  The contractor shall also provide cost for another 3 optional banks of 512 Mbytes each of SEC RAM (TBR).

As one of the approaches, the contractor may consider providing SBC memory as a separate attached card communicating with SBC through a local data bus.

The contractor shall provide CPU independent RAM scrubbing circuitry as a part of the SBC design.  All correctable errors shall be automatically corrected and each correction occurrence shall be recorded by MMU hardware in a specially organized 16 bit increment counter that can be read by the CPU; uncorrectable errors shall be flagged and immediately reported to main CPU.  The approximate scrubbing speed shall be 1Mbyte/sec (TBR).  The contractor shall make all provisions to minimize impacts of chunk memory loss to the SBC due to radiation effects or some other malfunction.

The RAM shall preserve all of its contents, unaltered, for at least 1 sec (TBR) while whole SBC is in soft (not power recycled) reset state. 

2.4.3 Non-Volatile ROM

All SBC non-volatile memory shall be of electrically erasable or flash type PROM.  This memory shall be In-System Programmable (ISP) and the different layers of protection mechanisms described below shall protect access to it.

The non-volatile program EPROM shall consist of 3 different parts:

a) An error protected Start-Up ROM (SUROM) of no less than 256 Kbytes.  The SUROM shall contain embedded software for initial SBC diagnostics and program load routines as provided by the contractor, as well as space available for user applications.  This memory shall be mirror imaged to two (2) identical sections of 128 Kbytes each.  Access to both parts of the SUROM write operations shall be protected not only by an internal protection mechanism in each individual memory IC chip, but also with special GSE based mechanical switches for each mirror image.  Additional layers of memory protection mechanisms are desirable.  This memory is not alterable during space flight and its memory write function shall be permanently disabled.  A special randomly stated flip-flop shall select one of the mirror images at the power-up.  After completion of start-up procedures the SUROM shall be powered down to preserve power and reduce risk of bit flipping (O).

b) An error protected Program ROM (PROM) of no less than 64 Mbytes.  Access to PROM write operations shall be protected by an internal protection mechanism in each individual memory IC chip.  Additional layers of memory protection mechanisms implemented in SBC hardware are desirable.  This memory can be alterable during space flight.  After completion of program loading procedures into RAM, the PROM shall be powered down to preserve power and reduce risk of bit flipping (O).

c) An error protected Scratchpad ROM (SROM) of no less than 256 Kbytes.  This memory is of EEPROM type and shall be used as temporary storage of program and data alterable parameters and coefficients.  Access to SROM write operations shall be protected by an internal protection mechanism in each individual memory IC chip.  In general, it will be treated by the SBC as non-volatile SEC RAM (with rather long read/write time procedures), and shall stay powered all of the time; therefore, it is desirable to implement this ROM with a stand-alone low power consumption IC chip.  Each individual SROM location shall be able to endure no fewer than 10+6 write cycles over its lifetime.

All error correction schemes imply that some sort of Reed-Solomon codes of TBD length shall be implemented within SUROM and PROM memory management hardware.  

2.4.4 Memory Management and Protection

The SBC shall include a hardware mechanism which enables the software to restrict access to areas of memory and up to all areas of the cPCI DMA address range.  The restriction categories include write access, read access, and accessibility regardless of access type.  The SBC shall provide CPU notification and event recording of an attempted memory access violation including the first address of the occurrence.  The minimum granularity is 8 Kbytes (TBR).

The SBC shall include a hardware mechanism which enables the software to configure optimum access times for various memory types.

2.5 Peripherals

It is envisioned that the proposed SBC shall contain the following peripherals:

2.5.1 Timers

There shall be at least 3 types of timers in each SBC, as follows:

a) Watchdog timer (WDT).  This timer shall reset the whole SBC and cPCI bus upon time expiration.  On power-up or any kind of reset, this timer shall be inactive and shall be set into activity by a CPU command.  Once started this timer may be disabled through an external connector during ground I&T operations.  The WDT shall have minimum update time span (without soft resetting SBC) of no less than 0.1 seconds (TBR) and maximum update span of no more than TBD seconds. 

b) 32-bit mission elapse timer (MET).  This read only type timer shall start upon reset and shall not be stopped by any CPU command.  The MET shall have a time resolution of 0.1 sec, or 10 Hz (TBR).  This timer may use either an internal or an external clock source from a centralized clock unit (CCU), and requires a reserved input pin on SBC external connector.  Special circuitry shall be developed to detect a loss of this external clock signal, notify the CPU, and switch to SBC internal clock source.

c) Event synchronization timer (EST) (O).  This is a free running timer with pre-scaler.  The free running pre-scaler shall generate 1 ms clock (SBC time tick) derived from the main SBC clock.  The main timer shall be synchronized (reset) every 1 second (TBR) from a signal derived from a 10 Hz (TBR) internal/external clock source as is described in the above paragraph.  A supplementary time capturing array of at least 4 (TBR) registers and comparators will interrupt the CPU at predetermined EST timer states for real time task management. 

2.5.2 Serial Ports

The SBC shall contain at least 2 (TBR) sync/async serial ports functionally compatible with an industry standard USARTs (TBR).  These ports shall contain:

a) Programmable baud rate generator capable of working from the SBC clock.

b) Access to receive and transmit ports to SBC DMA channels.

c) Automatic hardware RTS/CTS handshake in asynchronous mode.

d) Capability of increasing the automatic sync pattern recognition from 16 to 32 bits (O).

e) Capability of automatically generating a CRC-16 checksum during receive and transmit for both asynchronous and synchronous modes (O).

Synchronous serial ports shall be able to communicate with data rates up to 10 Mbps; asynchronous ports shall be able to communicate with data rates up to 256 kbps.  

If universal USART implementation is not achievable, the contractor may consider providing 3 (TBR) independent serial ports (2 synchronous and 1 asynchronous) with the above described parameters.

External physical interface for each serial port shall be of an RS-422 type with appropriate termination resistors to all RS-422 receiver inputs (clock, data, and control) and 50-100 Ohm protection resistors connected in-series to all RS-422 transmitter outputs (clock, data, and control).  All input RS-422 receivers shall be safe-hold biased to produce inactive state signal at their outputs when their RS-422 inputs are not connected to any remote source or if remote source is powered off.

2.5.3 Parallel Ports

The SBC shall contain:

a) At least 8 (TBR) general-purpose inputs.  Each input line shall be compatible with TTL/CMOS level signals and shall be internally low current biased to digital ground signal.  

b) At least 8 (TBR) general-purpose outputs with 5V CMOS levels.  Each output line shall be of a latched type and shall be protected with a serial 100 Ohm (TBR) resistor.  The default power-up state of each output shall be ‘0’.

All parallel port signals shall be accessible through SBC external connectors.

2.5.4 Interrupts

All SBC internal peripherals shall notify CPU through prioritized interrupt system interrupt lines.  All interrupts shall be capable of having an assigned priority via a hardwire connection to the CPU. 

The CPCI bus interrupt system shall be compatible with the cPCI definitions mentioned above and shall provide at least 6 (TBR) maskable edge-triggered interrupts, which are directly tied to the CPU input from the PCI Bus backplane connectors.  In addition, at least 2 (TBR) maskable edge-triggered external interrupt lines shall be accessible through the SBC front-end connectors (O).  All interrupts edge polarity is TBD.  

If a non-maskable interrupt (NMI) is recognized by the SBC CPU – it shall be used to notify the CPU about any pending power failures through an on-board voltage level detector.

The SBC shall have an interrupt latency of no more than 10 microseconds (TBR) as measured from the detection of the interrupt signal transition to the beginning of the execution of the first instruction of an interrupt handler.

2.5.5 DMA

As a minimum, the SBC shall support 4 DMA channels on the cPCI bus backplane.  Each channel shall be re-configurable and shall provide data transfers in bursts of up to 32 Mbytes (TBR) of data blocks at 33 MHz clock speed between SBC internal peripherals, as well as through the cPCI bus data in compliance with cPCI definitions.  The DMA transfers over the cPCI Bus backplane (located anywhere in 4 Gbytes address space) are as follows:

a) PCI to PCI: the SBC shall be capable of transferring data from source to destination over the PCI Bus backplane.

b) PCI to SBC RAM: the SBC shall be capable of transferring data directly from the PCI device into the SBC RAM.

c) SBC RAM to PCI: the SBC shall be capable of transferring data from the SBC RAM to the PCI device.

2.5.6 Additional Peripherals

The SBC may contain some additional peripherals (e.g., RS-232 ports, MIL-STD-1553 bus, etc.).

2.6 Reset Signal

Reset shall terminate all SBC,  LPCI, and cPCI based peripherals and memory operations and reboot the whole C&DH computer.  Reboot time shall not exceed 1 second (TBR).    

Hard type reset is considered to be a power re-cycle type and shall be generated only by the C&DH power supply circuitry as a reaction to power system initialization.  After hard reset, all C&DH registers shall be initialized to a predetermined state and volatile RAM content may be undefined.  
Soft type reset is considered to be an operation type reset and shall be implemented either through:

a) Watchdog timer expiration;

b) Reset of signal through the SBC connector (external or cPCI bus);

c) Push button reset through GSE harness; or

d) CPU software reset instructions (GSE mode only).

After soft reset, all C&DH registers shall be initialized to a predetermined state and volatile data RAM content shall be undisturbed.

2.7 SBC Clock

The SBC CPU, data buses, and peripherals shall be able to run from an on-board clock of TBD frequency.  The proposed CPU shall implement a software programmable internal clock multiplier to increase its performance.

The SBC shall provide at least 8 PCI clock outputs, which are distributed over the cPCI bus backplane connectors.

2.8 S/W Development and Programming

2.8.1 Debugging Access Ports

In order to enhance the CPU software development and the CPU boundary scanning and debugging, all SBCs shall contain an IEEE 1149.1 JTAG port used only for GSE applications; if other SBC elements contain JTAG ports – they also shall be available for GSE debugging. 

JTAG port(s) shall be accessible from the SBC front panel independently from other connectors.

All BU SBCs shall contain special internal connectors for COTS logic analyzer access and a provision to hook up a COTS CPU in-circuit emulator (TBR).  

2.8.2 Preloaded Software

The contractor shall provide its SBC product with following firmware as part of the SUROM:

a) Operation system kernel (TBR).  This shall include all installed memory management and access protection, as well as bus and peripherals access; 

b) Boot-up algorithms that shall initiate SBC proper functionality;

c) Specify SUROM image selection mechanism on power-up;

d) Power-up self-testing (POST) algorithms, which shall check all SBC on-board peripherals, when applicable, and memory.  All functional test procedures shall be comprehensive and shall cover all operational characteristics of the SBC as defined by this document;

e) Failure detection and correction (FDC) algorithms for all SBC on-board peripherals, when applicable, and memory.  These algorithms shall run in the background during normal SBC operations.  The FDC code shall test subsystems to the extent possible without altering off-board signals.  The contractor shall record all accounted errors in the SROM along with time stamp for further data analysis (TBR);

f) Program loading algorithms for all re-programmable memory through serial and Ethernet ports.  Loading protocols and handshake specifications are TBD.

2.8.3 In-System Programmability

All on-board ROM, except SUROM, shall be in-flight re-programmable and shall be independently accessible through a separately provided Ethernet port card for GSE software development.  

Different types of ROM memory and its write access protection mechanisms are discussed above.  

2.9 Other Electrical Characteristics

2.9.1 Power Consumption

The SBC shall be designed to consume as little energy as possible.  To further minimize power consumption, an SBC shall be able to go into either a sleep (low running clock frequency) mode or hibernation (completely stopped clock) mode.  

The total power consumption from the power provided by the cPCI data bus shall be:

a) Full bore run mode:





20-25 W (TBR)

b) Clock frequency dependent sleep mode:


3-10 W (TBR)

c) Hibernation mode:





0.1-1 W (TBR)

The only elements that areallowed to run in sleep mode shall be: all timers, interrupt controller, serial ports, and RAM memory refreshing and scrubbing circuitry. 

2.9.2 Power Immunity

The SBC shall tolerate any sequence of application of cPCI bus voltages during start-up and shutdown operations, given that these voltages are within cPCI bus specified requirements.

The SBC shall be tolerant to operation level external active voltage which might be present at all of its connectors while the SBC is not active (turned off).

2.9.3 Static Discharge Protection

The SBC shall be protected against static discharges during I&T handling.  A ‘current bleeding’ 8-12 K( resistor in parallel with 0.1(F ceramic capacitor shall be installed on each card to connect each power return path with the card frame (ground).  Each external connector shall have at least one pin dedicated to chassis ground (TBR).

2.9.4 Electrical Emissions General Requirements

General EMI/EMC practices shall be adhered to during the SBC design to prevent noise in the system by eliminating ground loops, maintaining a single point grounding scheme, twisting (and shielding where necessary) of power lines, signal lines, etc., and providing separate returns and chassis grounds.

2.9.5 Conducted Susceptibility (CS)

No requirements have been identified per GEVS_SE, Revision A, Section 2.5.3.1.

2.9.6 Conducted Transient Susceptibility

The SBC design shall comply with the requirements for conducted transient susceptibility as specified in GEVS-SE, Revision A, Section 2.5.3.1e (power line transients) (TBR).

2.9.7 Conducted Emissions (CE)

The SBC design shall comply with the requirements for emissions as specified in GEVS-SE, Revision A, Section 2.5.2.1a (narrow band emissions), 2.5.2.1b (common mode noise), and 2.5.2.1c (broadband emissions).

2.9.8 Radiated Susceptibility (RS)

The SBC design shall comply with the requirements for radiated emissions susceptibility as specified in GEVS-SE, Revision A, Section 2.5.3.2a (E-field, general compatibility).

2.9.9 Radiated Emissions (RE)


The SBC design shall comply with the requirements for radiated emissions as specified in GEVS-SE, Revision A, Section 2.5.2.2c (unintentionally radiated narrowband) and 2.5.2.2d (unintentionally radiated broadband).

3 Mechanical Requirements

3.1 General Requirements

3.1.1 Size

The SBC width and connector placement shall comply with DIN standard 6U size requirements.  SBC length shall be 220 mm (TBR).  SBC overall thickness shall not exceed 19 mm (0.75”) per each individual card for installation in a standard cPCI 6U rack with 20 mm (0.8”) between slots; front plate width shall be 20 mm (0.8”).

3.1.2 Weight

The SBC assembly weight shall not exceed TBD kg.  The SBC weight shall be measured to an accuracy of +/- TBD kg.

3.1.3 Center of Gravity

The SBC center of gravity shall not exceed TBD mm.  The SBC center of gravity shall be determined by the contractor to an accuracy of +/- 3 mm.

3.1.4 Mass Moments of Inertia

The SBC mass moments of inertia shall not exceed TBD%.  The SBC mass moments of inertia shall be determined by the contractor to an accuracy of +/- 5%. 

3.2 Layout Issues

3.2.1 SBC Cards 

It is desirable that the proposed SBC consist of a single card assembly; however, the SBC assembly may contain 2 cards: main SBC and memory daughter card (TBR).

3.2.2 Internal Connectors 

The SBC shall communicate with the cPCI bus through standard 5 row connectors specified in cPCI bus requirement documents.  In addition, some GSE debugging operations may require direct access to SBC internal buses and components; these connectors shall be installed directly on the SBC card and shall be accessible when the SBC card is installed on a test extension.  The type of internal access connectors and quantity is TBD.

3.2.3 External Connectors

Besides a back plane cPCI data bus, the SBC cards shall communicate with external systems through a set of connectors installed on a front panel opposite to the cPCI bus connector.  The type of external access connectors and its quantity is TBD.

3.3 Stress Design, Analysis,  and Test Requirements

The SBC shall be designed to withstand all expected structural loads during ground handling, testing, shipping, launch, and deployment.  The current design limit loads for NGST are 10 Gs in each of the three orthogonal axes, acting one axis at a time.  The NGST design limit loads will be finalized after the selection of the NGST Observatory Prime Contractor and packaging for the ISIM.  The final flight loads will be determined through a coupled loads analysis performed by the NGST Prime Contractor.

The SBC, in the flight configuration, shall have a fundamental frequency greater than TBD Hz.

At present, the SBC shall be designed, analyzed, and tested in accordance with the General Environmental Verification Specification for STS and ELV Payloads, Subsystems, and Components (GEVS-SE), Rev. A, June 1996.  The GEVS-SE document is available on the web at the following address:

http://arioch.gsfc.nasa.gov/302/gevs-se/toc.htm
The environmental verification specifications will be finalized after the selection of the NGST Observatory Prime Contractor and the NGST launch vehicle

4 Environmental Requirements

4.1 Thermal Requirements

4.1.1 Temperature Range

The SBC shall satisfy all performance specifications throughout its 10 year mission life when subjected to the following thermal environments for space and ground operations.  Performance predictions shall use the temperatures shown below.  Test temperature ranges are TBD and will be provided at SBC PDR.

Cold start

from -30( C

Operating

-20( C to +60( C

Non-operating

-40( C to + 85( C

4.1.2 Thermal Control

The SBC shall provide internal thermal paths consistent with meeting all performance objectives when the base of the C&DH Subsystem in a vacuum is maintained at the temperatures shown in the above paragraph.  Additional surfaces may be made available for heat rejection (passive radiation only) (TBR). 

4.1.3 Radiation Requirements

The proposed NGST spacecraft will be positioned in L2 Lagrange point (TBR) in conditions of deep space environment.  The total dosage of ionizing radiation is not likely to exceed 50 KRad over 10 years (TBR) of operation with an assumed shielding thickness of 0.1” of aluminum.  The contractor shall demonstrate either by test or by analysis that single-event induced destructive conditions, such as stuck bits and single-event latchups (SEL) are unlikely to adversely affect spacecraft operations—that is, that no permanent damage results from the event or that normal operations can be recovered within a reasonable time (TBD) after power is cycled to the affected device or SBC.  A single-event latchup immunity is interpreted herein as meaning that test or analysis indicate that the device is not vulnerable to SEL for particles with LETs less than 40 MeVcm2/mg for nondestructive SEL mechanisms and LETs less than 80 MeVcm2/mg for destructive mechanisms.  If power MOSFETs or bipolars transistors are used, they need to be derated into their safe operating areas to prevent single-event gate rupture (SEGR) and single-event burnout (SEB).

The contractor shall consider that there is no geomagnetic shielding for the NGST SC orbit, and so there are high LET particles in the environment.  

The SBC shall incorporate mitigation procedures by means of hardware or software design to allow recovery/reboot under severe single event upset (“SEU”) conditions.  Functional failures caused by SEUs are allowed not to exceed 1 in 10 years (TBR) per SBC and be 100% recoverable by reset or power cycling.  Total SEU recovery time for the C&DH shall not exceed 1 sec (TBR). 

5 Material Selection Requirements

5.1 General Requirements

The SBC materials shall conform to a TML of 1.0 and a CVCM of 0.1 when tested

per ASTM 595.  PWB solder mask, which typically does not meet this requirement, shall be overcoated with a low outgassing conformal coating.

All components and harness shall survive at least 84 (TBR) months of shelf storage life after assembly and testing.  No moisture and static charges shall be able to accumulate inside IC chips and subassemblies during this period of time.

The contractor shall provide NASA GSFC with a preliminary list of materials, processing, packaging materials, and coatings at PDR and a final list at CDR.

5.2 Parts Requirements

5.2.1 Reserved

5.2.2 Parts Control and Selection

All parts shall be selected, processed and screened to the requirements specified in the Parts Control Plan (NGST-PLAN-000749) for the Next Generation Space Telescope (NGST) Integrated Science Instrument Module (ISIM) and as specified herein.  If there is any conflict between this document and the Parts Requirement and Control Plan, this document shall take precedence.

a) All hybrid devices shall meet all the requirements of, and be qualified to MIL-PRF-38534, Class K.

b) All microcircuits shall meet all the requirements of, and be qualified to MIL-PRF-38535, Class V.

c) All Diodes and Transistors shall meet all the requirements of, and be qualified to MIL-PRF-19500, Class S.

d) All other EEE Components shall be selected as specified in Goddard Space Flight Center Preferred Parts List PPL 21 for Grade 1 Application.

The contractor shall submit a list of all parts, including die, for review and approval prior to assembly.

The contractor shall perform element evaluation, in accordance with MIL-PRF-38534, Class Level K, on all required circuit elements.  Element evaluation is not required for ER capacitors and ER resistors procured from QPL/QML sources of supply, with failure rate S.  Element evaluation for the package shall be in accordance with MIL-PRF-38534, Class Level K.  Results of all element evaluations shall be made available at pre-seal customer source inspection.  Die manufacturer's element evaluation report, available for each lot of die, shall be procured as part of the die lot procurement.  The report shall contain items such as Wafer Lot Acceptance Test (LAT) report per MIL-STD-883, Method 5007, and QCI Element Evaluation for current drift and maximum leakage current parameters.  The element evaluation report shall be submitted to the Government for review and approval.

A pre-seal customer source inspection is required.  The customer shall be notified a minimum of five (5) working days in advance of the anticipated inspection date.  The customer, or its designated representative, will perform the inspection at the vendor's assembly facility, in accordance with the applicable military specification.  The burn-in circuit shall be submitted to the customer for review and approval, before the start of burn-in testing.  The burn-in shall be performed as specified in the applicable military specification.  The vendor shall assure that the device performance specification limits are not exceeded at any time during screening.  All cavity devices shall receive Particle Impact Noise Detection (PIND) screening in accordance with applicable military/NASA specification or standard.

Read and record data is required for final electrical test only.

Percent Defective Allowable (PDA) for each device is 5%, maximum, through burn-in (+25°C electrical only).  Any device failing during screening shall be removed from the lot, identified with the failing test point, and marked as a reject.

Qualification shall be performed in accordance with the requirements of the applicable military specification.  Life tests shall be performed using the same fixturing as used for screening and burn-in.  The vendor shall assure that device performance specification limits are not exceeded at any time during screening.

Any failure which would cause a lot to fail the PDA requirements or zero failure requirements of the life test shall be brought to the attention of the customer within twenty-four (24) hours.

All EEE parts shall meet the radiation requirements specified.  If there is a EEE part that is not or has not been tested to the desired radiation requirements that part shall be tested in appropriate radiation test facilities to predict total dose, latch-up immunity and SEU tolerance.  Threshold-section for all expected on orbit radiation sources, i.e., proton, heavy ion, electron and solar flares (include both solar minimum and maximum).  Test results shall be provided to NASA GSFC upon completion of the tests.

The Printed Circuit Board shall meet all the requirements of GSFC Specification S312-P-003 (Procurement Specification for Rigid Printed Boards for Space Application and Other High Reliability Uses).

5.2.3 Custom Devices

Custom microcircuits, hybrid microcircuits, MCMs, ASICs, etc., planned for use by the contractor shall be subjected to a design review.  The review may be conducted as part of the PCB activity.  The design review shall address, at a minimum, derating of elements, method used to assure each element’s reliability, assembly process and materials, and method for assuring adequate thermal matching of materials. 

5.2.4 Derating

All electrical and electronic parts shall be used in accordance with the derating guidelines of GSFC PPL‑21.  The contractor’s derating policy may be used in place of the PPL guidelines and shall be submitted with the contractor’s PCP.  The contractor shall maintain documentation on parts derating analysis and make it available for GSFC review.

5.2.5 Radiation Hardness

All parts shall be selected to meet their intended application in the predicted mission radiation environment.  The radiation environment poses three separate threats, those of total ionizing dose, displacement damage dose, and single-event effects.  The contractor shall document the analysis for each part with respect to those effects to show that the requirements are met.

5.2.6 Verification Testing

Verification of screening or qualification tests by retesting is not required unless deemed necessary as indicated by failure history, Government-Industry Data Exchange Program (GIDEP) Alerts, or other reliability concerns. 

5.3 Surface Treatments

The contractor’s shall not use tin or cadmium plating as an external finish in electronics components, connectors, relays, etc., as these materials have been known to cause crystal growth (whiskers) in a long-term vacuum environment.  The exterior surfaces shall be treated to comply with emissivity of more than 0.85.

The use of Teflon insulated wires shall be avoided unless proper provisions are employed to prohibit cold flow.  Any use of Teflon insulated wires shall be subject to NASA GSFC approval.

5.4 Contamination Control

TBD.

5.5 Reliability Analyses

Reliability analyses shall be performed concurrently with design so that identified problem areas can be addressed and corrective action taken (if required) in a timely manner.  

5.5.1 Failure Modes and Effects Analysis and Critical Items List

A Failure Modes and Effects Analysis (FMEA) shall be performed early in the design phase to identify system design problems.  As additional design information becomes available the FMEA shall be refined.  Failure modes shall be assessed at the component interface level.  Each failure mode shall be assessed for the effect at that level of analysis, the next higher level and upward.  The failure mode shall be assigned a severity category based on the most severe effect caused by a failure.  Mission phases (e.g., launch, deployment, on-orbit operation, and retrieval) shall be addressed in the analysis.

5.5.2 Fault Tree Analysis

Fault tree analyses (FTA) shall be performed that address both mission failures and degraded modes of operation.  Beginning with each undesired state (mission failure or degraded mission), the fault tree will be expanded to include all credible combinations of events/faults and environments that could lead to that undesired state.  Component hardware/software failures, external hardware/software failures, and human factors shall be considered in the analysis. 

5.5.3 Parts Stress Analyses

Each application of electrical, electronic, and electromechanical (EEE) parts, shall be subjected to stress analyses for conformance with the applicable derating guidelines.  The analyses shall be performed at the most stressful values that result from specified performance and environmental requirements (e.g., temperature and voltage) on the assembly or component.  The analyses shall be performed in close coordination with the packaging reviews and thermal analyses and they shall be required input data for component-level design reviews.  The analyses with summary sheets and updates shall be maintained at the contractor’s facility for GSFC to review/audit (DRD PM-20).  The presentations shall include comments on how the analyses were used to perform design trade-offs or how the results were taken into consideration when making design or risk management decisions.

5.5.4 Worst Case Analyses

Worst Case Analyses shall be performed on circuits where failure results in a severity category of 2 or higher, causing the flightworthiness of the design (DRD PM-21) to be questionable.  The most sensitive design parameters, including those that are subject to variations that could degrade performance, shall be subjected to the analysis.  Analyses or tests to ensure flightworthiness shall demonstrate the adequacy of design margins in the electronic circuits, optics, electromechanical, and mechanical items.  These analyses (when performed) shall be made available at the contractor’s facilities for Government review.  The results of any analyses shall be presented at all design reviews starting with the Preliminary Design Review (PDR).  The presentations shall include comments on how the analyses were used to perform design trade-offs or how the results were taken into consideration when making design or risk management decisions.

The analyses shall consider all parameters set at worst case limits and worst case environmental stresses for the parameter or operation being evaluated.  Depending on mission parameters and parts selection methods, part parameter values for the analyses  typically include:  manufacturing variability, variability due to temperature, aging effects of environment, and variability due to cumulative radiation.  The analyses shall be updated in keeping with design changes.  The analyses and updates shall be made available to the Government upon request.

5.5.5 Reliability Assessments

The contractor shall perform comparative numerical reliability assessments to:

a) Evaluate alternative design concepts, redundancy and cross-strapping approaches, and part substitutions;

b) Identify the elements of the design which are the greatest detractors of system reliability;

c) Identify those potential mission limiting elements and components that  require special attention in part selection, testing, environmental isolation, and/or special operations;

d) Assist in evaluating the ability of the design to achieve the mission life requirement and other reliability goals and requirements; and

e) Evaluate the impact of proposed engineering change and waiver requests on reliability.

The contractor shall specify in their Parts Availability Plan (PAP) how reliability assessments will be integrated with the design process and other assurance practices to maximize the probability of meeting mission success criteria.  The contractor shall describe how the reliability assessments will incorporate definitions of failure as well as alternate and degraded operating modes that clearly describe plausible acceptable and unacceptable levels of performance.  Degraded operating modes shall include failure conditions that could be alleviated or reduced significantly through the implementation of work-arounds via telemetry.

The contractor shall further describe in their PAP the level of detail of a model suitable for performing the intended functions enumerated above.  The assessments and updates shall be available for Government review.  The results of any reliability assessment shall be reported at PDR and the Critical Design Review (CDR).  The presentations shall include comments on how the analyses were used to perform design trade-offs or how the results were taken into consideration when making design or risk management decisions.

5.5.6 Analysis Of Test Data

The contractor shall fully utilize test information during the normal test program to assess flight equipment reliability performance and identify potential or existing problem areas.

5.5.7 Trend Analyses

As part of the routine system assessment, the contractor shall assess all subsystems and components to determine measurable parameters that relate to performance stability.  Selected parameters shall be monitored for trends starting at component acceptance testing and continuing during the system integration and test phases.  The monitoring shall be accomplished within the normal test framework; i.e., during functional tests, environmental tests, etc.  The contractor shall establish a system for recording and analyzing the parameters as well as any changes from the nominal even if the levels are within specified limits.  Trend analysis data shall be reviewed with the operational personnel prior to launch.  A list of subsystem and components to be assessed, parameters to be monitored, and the trend analysis reports shall be maintained.  (DRD PM-15)

5.5.8 Analysis of Test Results

The contractor shall analyze test information, trend data, and failure investigations to evaluate reliability implications.  Identified problem areas shall be documented and directed to the attention of the appropriate contractor management personnel for necessary action.  The results of the analyses shall be presented at design reviews.  The presentations shall include comments on how the analyses were used to perform design trade-offs or how the results were taken into consideration when making design or risk management decisions. 

5.5.9 Limited-life items

Limited-life items shall be identified and managed by means of a Limited-Life Items list, which shall be submitted for approval  (DRD PM-16).  The list shall present definitions, the impact on mission parameters, responsibilities, and a list of limited-life items, including data elements:  expected life, required life, duty cycle, and rationale for selection.  The useful life period starts with fabrication and ends with the completion of the final orbital mission.

The list of limited-life items shall include selected structures, thermal control surfaces, solar arrays, and electromechanical mechanisms.  Atomic oxygen, solar radiation, shelf-life, extreme temperatures, thermal cycling, wear and fatigue shall be used to identify limited-life thermal control surfaces and structure items.  Records shall be maintained that allow evaluation of the cumulative stress (time and/or cycles) for limited-life items starting when useful life is initiated and indicating the project activity that will stress the items.  The use of an item whose expected life is less than its mission design life must be approved by GSFC by means of a program waiver.

5.5.10 Probabilistic Risk Assessment

A PRA Planning Document shall be prepared that defines the approach to performing a PRA.  A PRA shall be performed in accordance with the Risk Management Plan (DRD PM-47) that provides a comprehensive, systematic and integrated approach to identifying undesirable events, the scenarios leading to those events beginning with the initiating event or events, the frequency or likelihood of those events and their consequences.  The assessment shall be used to assist in identifying pivotal events that may protect against, aggravate or mitigate the resulting consequences.

The PRA shall be comprehensive and balanced, and shall consider, as appropriate, all relevant critical factors, including safety of the public, contractor and NASA workforce, adverse impacts on the environment, high value equipment and property, national interests, security, etc.  The PRA implementation procedures shall reflect and incorporate the results of project risk analysis, including identification of hazards, risks, and recommended controls to manage risk.

5.5.11 Software Reliability

The contractor shall develop a software reliability program concentrated on the tolerance of minor defects and the complete removal of critical defects.  The software reliability program shall monitor and control defect removal, field performance, and include a model to predict the bug removal rate or number of bugs remaining based on testing, running time, or bug count.  The software reliability model may be time domain (related to the number of bugs at a given time during development), data domain (estimated by running the program for a subset of input data), axiomatic (based on laws/rules applied during the programming process), or other methods resulting from input data sets, logic paths, or other methods.

The contractor shall document actions to verify that the software design and software engineering techniques improve the duration or probability of failure free performance and ensure repeatability of the software.

6 Development Tools and Support

6.1 Software Compilers and Debuggers

The contractor shall support NASA GSFC in identifying a proper selection of software development tools, such as Wind River VX-Works( OS and Tornado( development environment (including the GNU C/C++ compiler and symbolic debugger). 

6.2 Hardware Debuggers

The contractor shall support NASA GSFC in identifying a proper selection of hardware debugging tools such as:

a) Logic analyzers with all associated hardware and software;

b) In-circuit emulators with all associated hardware and software; 

c) LPCI and cPCI Bus monitors (may be implemented as logic analyzer pods);

d) JTAG access symbolic debug hardware and all associated software;

e) Test vector generators (TBR) with all associated hardware and software; and

f) Disassembler software.

6.3 Conformance Test

The contractor shall provide 2 (two) (TBR) specialized testers to perform automated, possibly unattended, software and hardware control test sequences of the SBC during all phases of I&T and, possibly, during pre-launch readiness.  The tester design shall include the following items:

a) Hardware test fixtures;

b) Software for automated testing;

c) Test procedures; and

d) Manuals.

The functional description of the automated tester shall be presented at the PDR.

6.3.1 Test Hardware

The contractor shall provide the required hardware for the automated SBC tester.  The test hardware shall include the following items:

a) Power supplies and meters;

b) Digital I/O simulators;

c) Serial interface simulators;

d) 2 sets (TBR) of all connector savers, including cPCI and external connectors;

e) 2 sets (TBR) of cPCI extender cards;

f) Test related harness and cables;

g) Test related hardware fixtures;

h) Test computers with plug-in cards; and

i) Spare parts (TBR).

Hardware shall be built as rack based equipment and be able to survive air and ground transportation. 

6.3.2 Test Software

Test software shall be able to implement a mutually agreeable set of abnormal behaviors of the SC equipment attached to the SBC external interface.  The preliminary list shall be available at the PDR.  An updated list shall be reviewed at the CDR.  Updates to the list shall be by mutual agreement (with schedule impacts addressed for each addition) after the CDR.

The test software shall be written to supplement SBC POST external to the SC.  It shall control external test peripherals such as:

a) I/O digital lines to simulate various discrete functions; and

b) All communication links.

Test computers and measuring instruments shall be separately qualified before use in the SBC test runs.

Software shall be written and documented according to the contractor documented standards.  Industry standard control packages (for example, from National Lab, etc.) shall be used where suitable test packages can be found.

6.3.3 Functional Test Procedures

All functional test procedures shall be comprehensive and cover all operational characteristics of the SBC equipment as defined by this document.

6.3.4 Manuals

All manuals that accompany standard test equipment shall be supplied to NASA GSFC.  NASA GSFC shall also receive TBD copies of the selected contractor proprietary manuals that shall include:

a) Hardware schematics;

b) Harness routing with cable labeling;

c) Mechanical assemblies;

d) Installations;

e) Power requirements;

f) Hardware test procedures;

g) Test personnel functions;

h) Test configurations;

i) High level software design description;

j) Software program source for all contractor supplied components; and

k) Software test procedures.

6.3.5 Training Session

One on the job training (OJT) session which covers the proper use of the contractor selected test equipment shall be provided to NASA GSFC I&T personnel.  The class shall take place at the contractor assembly facilities or at the NASA GSFC I&T facilities, upon delivery of the automated tester and associated equipment.  OJT session(s) shall be provided for 3 days for a maximum of 6 attendees (TBR).

7 Contractor Support

7.1 Test and Integration Support

7.1.1 General

The contractor shall perform acceptance testing on each SBC FU and ETU to be delivered to NASA GSFC in accordance with the approved Acceptance Test Plan and Procedures.  The contractor shall provide hardware and software support to NASA GSFC for the delivery of the first two (2) SBC sets (TBR), its integration into the spacecraft, and during launch (TBR).  

7.1.2 ETU Support

The contractor shall provide telephone and on-site support for the ETU.  Telephone support shall be limited to 8 hours per week during normal business hours.  On-site support shall be limited to the support necessary to install ETU in C&DH.

7.1.3 Acceptance Tests

Each SBC shall be subjected to a suite of standalone acceptance functional tests upon delivery by the contractor and prior to acceptance at NASA GSFC (standalone meaning non-integrated; it is expected that there will be ancillary equipment connected to the SBC to support, initiate, and monitor the tests).  

7.1.4 I&T Support

Integration activities shall consist of physical integration of the SBC into the SC C&DH and subsequent environmental and functional testing at the SC level.  All SBCs will be integrated at the NASA GSFC facility and subjected to extensive burn-in and functional tests.  Contractor support shall be limited to two (2) man months and six (6) man-trips (TBR).

7.1.5 Pre-Launch Support

The contractor shall provide one (1) man month of support with one (1) person-trip (TBR) during the pre-launch activities at NASA GSFC I&T facilities.

7.1.6 Post Launch Support

The contractor shall provide up to one (1) man month and one (1) person-trip (TBR) of on site support at NASA GSFC facilities. 

7.1.7 Anomaly Resolution

The contractor shall provide additional support for on-orbit anomaly resolution.

7.2 Design Reviews
7.2.1 Preliminary Design Review 

The contractor shall support a preliminary design review (PDR) of the SBC at NASA GSFC facilities.

7.2.2 Critical Design Review 

The contractor shall support a critical design review (CDR) of the SBC at NASA GSFC facilities prior to the start of flight hardware fabrication.

7.2.3 Technical Interchange Meetings  

From time to time, face-to-face discussions will be held to resolve certain issues.  Either NASA GSFC or the contractor may call these meetings with the time and place scheduled on a mutually agreeable basis.  Travel by the contractor shall  not to exceed one trip every other month through the delivery of the first 12 (TBR) SBC sets.

7.2.4 Readiness Reviews 

The contractor shall support the flight readiness review (FRR) and the launch readiness review (LRR) to be held at NASA GSFC facilities. 

8 Deliverables

8.1 SBC Units

8.1.1 Flight Units (FU)

TBD FU SBC sets, designed and built to flight specifications and tested as described in the above sections, shall be provided to NASA GSFC per the deliverable schedule in section 8.2 below.  

8.1.2 Engineering Test Unit (ETU)

The Engineering Test Units (ETU) shall be similar to FU except that some of their components may be of non-space quality type (TBR).  These components shall be comprised of items such as MCM, FPGA, etc.  The contractor shall discuss usage of non-space quality ETU components with NASA GSFC for each individual component.  The ETU shall be subject to all SBC qualification tests.  

3 (TBR) SBC ETU, designed and built to flight specifications and tested as described in the above sections, shall be provided to NASA GSFC per the deliverable schedule in section 8.2 below.

8.1.3 Breadboard Units (BU)

The Breadboard Units (BU) shall be functionally similar to FU and ETU except that their components may not be of space quality type, i.e. regular commercial quality components are permitted to use in the BU.  In addition, all BUs shall contain a full set of debugging connectors as specified in Section 2 of this Document.  

TBD SBC BU, designed and built to the above-described specifications shall be provided to NASA GSFC per the deliverable schedule in section 8.2 below.

8.2 SBC Delivery Schedule

	Section
	Description
	Quantity
	Date

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


8.3 Documentation

8.3.1 Schematics and Drawings 

The contractor shall provide to NASA GSFC a mutually agreed upon set of drawings and schematics for the SBC including an as built parts list.  Schematics and drawings shall be provided to NASA GSFC in a mutually agreed upon format. 

8.3.2 Parts, Materials and Process Lists 

The parts, materials, and processes shall be documented and controlled within the requirements of Attachment TBD.     

8.3.3 Thermal and Structural Analysis Reports  

The contractor shall provide reports on the various analyses that will be conducted during the course of the design and development of the SBC per the environmental test and analysis requirements in TBD.

8.3.4 Status Reports   

The contractor shall provide monthly status reports to NASA GSFC by e-mail or other acceptable means.  The reports shall contain milestones made, milestones missed, and resolutions suggested for the correction of schedule problems, and planned activities covering the next two reporting periods.

8.3.5 Hardware Users Manual

The contractor shall develop a comprehensive users manual which shall be provided to NASA GSFC for use in understanding the SBC and its operational capabilities.

8.3.6 Certification of Conformance to Functional Tests  

The contractor shall prepare a certificate of conformance that each SBC meets the requirements of this document. 

8.3.7 Test Plans and Procedures

The contractor shall develop test procedures from its prepared test plans for all the environmental and functional tests required by this document.  These shall contain the detailed step by step activities required to set up and conduct the environmental or functional test, and as a minimum shall contain (as applicable):

a) Safety proceduresto protect personnel and flight hardware;

b) Cleanliness and static safeguards;

c) SBC hardware set-up and initial conditions;

d) Set-up and initial conditions of the necessary support hardware;

e) Support cabling and harness interconnects required;

f) Initialization and running of support equipment software;

g) Turn-on procedures for the SBC sitting in cPCI rack;

h) Test/performance software procedures to be conducted on the SBC;

i) Environmental pre-test, test, and post-test procedures;

j) Sequence of SBC functional tests to be performed;

k) Operator interactions with the test setup during the environmental and/or functional tests to be performed; and

l) Data logging required.

Test plans and procedures shall be submitted to NASA GSFC for approval and logging into the project documentation structure.

8.3.8  Test Reports

The contractor shall provide NASA GSFC with detailed test reports that document results and procedures followed for each environmental and functional test conducted on the SBC.  Procedural logs, pass/fail and/or numerical performance results, data plots such as acceleration or thermal response, anomalies observed and actions taken, and all other relevant information and data, shall be included in the test report.

8.3.9  Software Programmers Guide

The contractor shall prepare a software programmers guide which shall contain the necessary reference information to allow the development of NASA GSFC flight and ground test software.  A description of the low-level library of routines that allow access to the hardware interfaces between the SBC and the rest of the SC and GSE hardware, including inputs, outputs, and error responses shall be provided in the Software Programmer’s Guide.

8.3.10  Card Module ICD

The contractor shall provide sufficient documentation to enable design, build, integrate, test, operate, and verify third party card hardware modules as an add-on attachment to the future C&DH containing the SBC set.  This shall include mechanical, thermal, and electrical interfaces and pinouts for all connectors of the SBC.

8.4 Documentation Delivery Schedule

	Section
	Description
	Quantity
	Date

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


8.5 Test Hardware

Test hardware shall be provided to NASA GSFC: its type, function, and quantity consistent with the tasks outlined in this document.

8.6 Test Hardware Delivery Schedule

	Section
	Description
	Quantity
	Date

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


9 Additional Items

This section left blank intentionally
Attachement A:  SBC Technical Requirements Highlights

	#
	Parameter
	Sect.
	Requirements

	
	
	
	Basic ( B )
	Optional ( O )
	Upgrade ( U )

	1
	 
	
	 
	
	 

	2
	CPU
	2.2
	TBD
	
	TBD

	3
	Type
	2.2
	64 bits+
	
	 

	4
	Data bus width
	2.2
	80 MIPS
	
	750 MIPS

	5
	Sustained performance
	2.2
	160 MIPS
	
	1500 MIPS

	6
	Burst performance
	2.2
	Yes
	
	 

	7
	Programmable clock speed
	2.2
	 
	Yes
	 

	8
	On-chip FPU
	2.2
	Yes
	
	 

	9
	MMU
	2.2
	Yes
	
	 

	10
	Instruction cache
	2.2
	32 Kbytes+
	
	 

	11
	Data cache
	2.2
	32 Kbytes+
	
	 

	12
	JTAG port
	2.2.2
	Yes
	
	 

	13
	Auxiliary debug ports (BU only)
	2.2.2
	ICE, Analyzer
	
	 

	14
	OS compliance
	2.2.3
	VxWorks, Tornado
	
	 

	15
	Evolution compatibility
	2.2.4
	 
	Higher end CPU
	 

	16
	 
	
	 
	
	 

	17
	Data Buses
	
	 
	
	 

	18
	Internal
	2.3
	TBD
	
	 

	19
	External
	2.3
	cPCI-32
	
	 

	20
	Bus compliance
	2.3
	PCI rev. 2.2
	
	 

	21
	Bus voltage
	2.3
	3.3 V
	
	 

	22
	Bus clock
	2.3
	33 MHz
	Lower speeds
	 

	23
	Data burst transfer rate
	2.3
	133 Mbytes/sec
	
	 

	24
	Multimaster support
	2.3
	Yes (up to 4)
	
	 

	25
	 
	
	 
	
	 

	26
	Memory
	
	 
	
	 

	27
	Cache
	
	 
	
	 

	28
	L2 cache (after EDAC)
	2.4.1
	512 Kbytes
	
	 

	29
	L2 EDAC scheme
	2.4.1
	SEC
	
	 

	30
	Volatile
	
	 
	
	 

	31
	Program storage RAM (after EDAC)
	2.4.2
	64 Mbytes
	
	 

	32
	Program RAM EDAC scheme
	2.4.2
	TEC
	
	 

	33
	Data storage RAM (after EDAC)
	2.4.2
	256 Mbytes
	
	512 Mbytes

	34
	Additional bank(s) of data RAM
	2.4.2
	256 Mbytes
	
	3x512 Mb

	35
	Data RAM EDAC scheme
	2.4.2
	SEC
	DEC, TEC
	 

	36
	RAM scrubbing
	2.4.2
	Yes, 1Mbytes/sec
	
	 

	37
	Data integrity after reset
	2.4.2
	1 sec
	
	 

	38
	Non-volatile
	
	 
	
	 

	39
	Start-up ROM (SUROM) (after EDAC)
	2.4.3
	2x128 Kbytes
	
	 

	40
	SUROM error protection
	2.4.3
	TBD
	
	 

	41
	SUROM power down mode
	2.4.3
	 
	Yes
	 

	42
	Program ROM (PROM) (after EDAC)
	2.4.3
	64 Mbytes
	
	 

	43
	PROM error protection
	2.4.3
	TBD
	
	 

	44
	PROM power down mode
	2.4.3
	 
	Yes
	 

	45
	Scratchpad ROM (SROM)
	2.4.3
	256 Kbytes
	
	 

	46
	SROM error protection
	2.4.3
	SEC
	
	 

	47
	SROM power down mode
	2.4.3
	None
	
	 

	48
	SROM RD/WR cycles
	2.4.3
	1,000,000+
	
	 

	49
	In-system programmability
	2.8.3
	Yes
	
	 

	50
	MMU
	
	 
	
	 

	51
	Memory Management Unit
	2.4.4
	Yes
	
	 

	52
	 
	
	 
	
	 

	53
	Peripherals
	
	 
	
	 

	54
	Timers
	
	 
	
	 

	55
	Watchdog timer (WDT)
	2.5.1
	Yes, 0.1-TBD sec
	
	 

	56
	Mission elapsed timer (MET)
	2.5.1
	Yes, 32 bits
	
	 

	57
	Event sync timer (EST)
	2.5.1
	 
	Yes w/timer array
	 

	58
	Serial Ports
	
	 
	
	 

	59
	Async/sync serail ports
	2.5.2
	2
	
	 

	60
	DMA channel access
	2.5.2
	Yes
	
	 

	61
	Async baud gener, handshake
	2.5.2
	Yes
	
	 

	62
	Sync pattern recognition
	2.5.2
	16 bits
	32 bits
	 

	63
	CRC-16 auto generation
	2.5.2
	 
	Yes
	 

	64
	Async/sync serial interface
	2.5.2
	RS-422
	
	 

	65
	Parallel port
	
	 
	
	 

	66
	Input lines
	2.5.3
	8
	
	 

	67
	Output lines
	2.5.3
	8
	
	 

	68
	Interrupts
	
	 
	
	 

	69
	Total interrupts
	2.5.4
	8
	
	 

	70
	Programmable priority scheme
	2.5.4
	Yes
	
	 

	71
	DMA
	
	 
	
	 

	72
	Total channels
	2.5.5
	4
	
	 

	73
	Burst rate data transfer
	2.5.5
	16 Mbytes
	
	 

	74
	Additional peripherals
	2.5.6
	TBD
	
	 

	75
	 
	
	 
	
	 

	76
	Power
	
	 
	
	 

	77
	Maximum power consumption
	2.9.1
	20-25 W
	
	 

	78
	Sleep mode power consumption
	2.9.1
	3-10 W
	
	 

	79
	No clock power consumption
	2.9.1
	0.1-1 W
	
	 

	80
	 
	
	 
	
	 

	81
	Additional Data
	
	 
	
	 

	82
	Dimensions
	3.1.1
	TBD
	
	 

	83
	Weight
	3.1.2
	TBD
	
	 

	84
	Operation temperature range
	4.1.1
	-20 to +60 deg.C
	
	 

	85
	On-orbit life span
	4.1.3
	10 years (TBR)
	
	 

	86
	TID
	4.1.3
	50 Krad (TBR)
	
	 

	87
	SEL
	4.1.3
	None
	
	 

	88
	SEU
	4.1.3
	1 in 10 years (TBR)
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