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Our core processes and technologies enable a wide range of advanced systems 
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"Silicon to 

L 

Capabilities 

Space Subsystems 
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91 satellites currently on orbit with 287 single board 
* As of January, 2002 computers* 

Cassini GVSC processor 
- g  

SBIRS LowIOrbview RAD6000 

CCP drop in tra I RAD6000 board * 

Our processors have been the standard in space for many years, with 
millions of hours of flawless operation in a variety of applications 

211 3/02 
Cleared for Public Domain Release DODl99-S-2438,7/99 
0 2001 BAE SYSTEMS All Rights Reserved 94 



Three 
: '  

generations of radiation hardened m i c r o p r o c !  
T 

The PowerPC name, PowerPC 750, and 
the PowerPC logotype are frac 
International Business Machin 
used under license therefrom 

demarks of 
18s Corp., 

1991 1996 2001 
GVSC 1750 RAD6000" RAD750" 

1 .O -m Radiation Hardened CMOS 
- MIL-STD-1750A architecture 
- 4 by 88 sq mm 
- 0.3 M transistors 
- 20 MHz 

0.5 -m Radiation Hardened CMOS 0.25 -m Radiation Hardened CMOS 

- RS/6000 "Power" architecture - PowerPC architecture family 
- 145 sq mm - 130 sq mm 
- 1.1 M transistors - 10.4 M transistors 
- 33 MHz - 133 - 166 MHz (up to 200 as available) 

- 3 MIPS - 35 MIPS - 240 - 300 MIPS (up to 366 as available) 

r' m 

I The RAD750 represents our third generation product, with architectural 
and technological enhancements that improve power/performance 
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SEE enhancements made to the RAD750 TM 

- Replace dynamic Iqic with 

- Design circuits to minimize 

Customization of the PowerPC 750 to improve SEE hardness required 
replacement of the circuitry while maintaining identical logic function 
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RAD750 TM specifications 
Processor Speed 

Process Technology 0.25 urn (0.18 um Leff) CMOS, 6 levels of metal 

Die Size 

Mass 

Radiation Hardness 

Mean Time Between 
Failures (M TBF) 
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X2000 System Flight Computer Board - 
Volt 

132 MHz RAD750 CPU 
- 240 MZPS Dhrystone Performance 

128MBSDRAM 
- Uses 16Mx4 (64Mb) SDRAM packaged in 4-high stacks 

256KBSUROM 

Power PCI Bridge chip 
- Memory I&, PCI, UART, JTAG, Timers, Programmable 

Interrupts/Discretes, etc 

Conduction Cooled, 3U CompactPC1 format 

3.3V (+/- 10%) is only required voltage 

Qual testing complete (Vibe, Pyro, Thermal Life) 

Over 50 cards ordered or delivered. Customers 
include : 

- Card power <1 OW (over 24 MZPSYWatt) 

- JPL: Europa Orbiter, Deep Impact, ST3, and Mars 
- BAE SYSTEMS - Johnson City: Bold Strike Force 
- Also Lockheed Martin, Spectrum Astro, NRL, LaRC, Raytheon, 

ITT and others Flight Unit Configuration 
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Power PCI functional block diagram 

master and slave 

To Processor 

Corelis PowerEM- 
740/750 Hardware 

-- 
To Process0 

bit 
Dedicated 
64 bit bus 

rBit  and nibble7 

and SDRAM support 

low speed 
c lock  control 

* 

The reusable logic core architecture in the Power PCI provides for future 
enhancements as well as future product variations 
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Power PCI ASIC specifications 

ffOCeSS TeChnobgy 0.50 um Leff CMOS, 5 levels of metal 

Cells / Gates /Latches 

f CI Peak Bandwidth 

Temperature Range 

Packaging 

Radiation Hardness 
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SDRAM (1 6M x 4) 

SDRAM Packaging 
Staktek will stack in 2-high 
16M x 8 SDRAM Stack 

t 

Test and burn-in of Stacks at 
BAE SYSTEMS Manassas Stacks packaged on 

double-si ded module 

Module Test Component Test Asswnb ly 
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Design Status 
Power PCI design, fabrication and testing completed 
- Initial Power PCI Design completed and delivered to customers 14200 1 
- 2nd version (minor backend changes) completed and delivered to customers on boards 442001 
- Flight part screening complete and parts in stock 

Board design completed and tested 
- First SFC (Engineering Model) delivered to JPL in December 2000 
- Qualification Testing completed in September 200 1 
- Six SFC Engineering units retrofitted with 2nd version Power PCI delivered to JPL in December 

2001-Ja11~~~y 2002 
Flight Model deliveries scheduled for Late Marchmarly April 2002 
Work underway on Enhanced SFC 
- 66MHz Enhanced Power PCI ASIC release to manufacturing expected in June 2002 (6 months 

ahead of schedule) 
Enhanced SFC deliveries planned for December 2002-January 2003 (6 months ahead of schedule) - 
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RAD750TM development software and RAD6000 TM migration 

I Many RAD750 operating systems and compilers are available, and 
software already written for the RAD6000 is easily migrated to the RAD750 
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RAD750 TM software development environment 

Software Development System 

WindRiver VxWorks OS 
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Processor Roadmap 200 1-2005 

Processor 

+ Now July Jan July Jan July Jan 
2002 2003 2004 2004 2005 

July 
2001 

0 0 0  

Memory 

.................................................................................................... 

................................................ ................................................ ........................ 

>ossibly Funded Currently Unfunded 



: '  

Enhanced Power PCI - Under Develo l ! ! ! ! !  
1 

Larger Instr. cache 
Mult. and Shift Instr. 
Branch prediction 
Execution under LD & 
ST instructions 
Allow reg writes while 

Enhanced Bridge 

Development underway 
under JPL funding 

Migration to R-25 
3.3V 110 Operation 
2.5V Core 

66 MHz I/F Operation 
Oscillator 
6xx Bus 
Memory bus 

Errata Fixes 

Performance 
Enhancements 

Pin Compatible with 
Current Design 

1 *New Interrupt Mapping 
. -  

*Open Drain PlDS 
*Off-card SUROM 

The Power PCI / 66 adds on-board DMA and scratchpad memory in 
addition to improved performance in many existing functions 

211 3/02 Cleared for Public Domain Release DoD/ 994-2438, 7/99 
0 2001 BAE SYSTEMS All Rights Reserved 107 



L2 Cache Design Approach 
Proof of Concept 

Use L2 Tag as Baseline SRAM Core 
Simulate L2 Cache HLM with 750 HLM 
Translate into Logic and Optimize 
Architectural Tradeoffs, Circuit Design and Simulation 
Chip Layout 
Parasitic Extraction and Design Verification (LVS&DRC) 
Postprocessing, Masks, and Fab 
Initial Electrical Test 

Characterization & Radiation Testing 
- Electrical Characterization 
- SEUTest 
- Total Dose Test 

Release to Production 
- Production Design Enhancements 
- Production Test Program 
- 24 Month Overall Schedule 
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RAD750 L2 Cache CGA MCM 
42.5 mm CGA Module Contains: 
- 1RAD750 
- 

- RAD750 package capacitors 
2 L2 Cache Memory (1MB total) 

CGA Design Features 
- 

- Proven Design and Process 
- 

Pin for Pin with existing RAD750 package 

Builds on current X2000 CGA family 
25" CGA used for RAD750 
32mm CGA used for Power PCI 

Task Elements 
- Development & Implementation (Leverage 

Tag design) 
- Test and Screen 
- Qualification & Board Evaluation 

L2 

42.5 mm CGA 

RAD750 / L2 Cache MCM 

I Leveraging the dedicated L2 cache port on the RAD750 with radiation 
hardened memory chips will further extend the processor's performance 
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RAD750 with L2 Cache 3U Board 
Multi-chip package approach 

cache chips placed in a 42” 1 with the RAD750 and two L 

ceramic column grid array 
package. 
Printed wiring board stack-up, 
wire size and spacing rules will 
be the same as those used on 
X2000 SFC design. 

Oscillator moved to back side of / No buried or blind vias. 

A 

4 . / board 
EEPROM parts rearranged on 
board - 

The MCM will fit on a CompactPCl 3U board, allowing “drop-in” upgrades 
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Memory options becoming limited 

DRAM (SDRAM) - Volatile, significant power, Low radiation tolerance-susceptible to stuck bits 
SRAM - Lower density, high power, Volatile 
Flash - Limited cycle life, low speed 

Ovonic Unified Memory (Chalcogenide) offers a solution - high speed, low 
power, high cycle life, non-volatile and radiation hardened to substrate limit 
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Chalcogenide-Based Non-Volatile Memory T e c E  

Chalcogenides: 
- alloys with at least one Group VI element that can exist in either of two stable state 

Amorphous State 
Low reflectance & conductance 

Polycrystal I i ne State 
High reflectance & conductance 

To change states: 
- to set (amorphize), melt alloy 

and remove heat 
- to reset (crystallize), raise to a 

lower temperature and then 
remove heat 

to Read: 
- apply low voltage. Electric 

current determined by 
resistance of memory element 
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Current Status 
Phase OA Complete 
- Memory cell demonstrated with good uniformity, endurance, writehead power 

Phase OB Started 
- Design and fabricate test chips which: 

Integrate memory cell with CMOS transistors 

Demonstrate write & read peripheral circuitry 
- Target device sizes support 16Mb arrays in 0.5 micron CMOS 

- Test chips focused on integrating all elements by end of Phase OB (64kb arrays) 

Recent Progress 
- 5x reduction in write current (now -1.OmA) 
- CMOS test chip released to fabrication, results by Q1 2002 
- Array test chip in detailed designed, release projected Feb. 2002 
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SFC Vibration Levels 

Frequency (Hz) 

20 
50-500 

600- 1000 
2000 

Frequency (Hz) DesigdQual, PF Test FA Test 
20-50 +9dB/Oct. +9dB/Oct 

DesigdQual, PF Test FA Test 

1.29 g2mz 0. 647g2/Hz 
20.0 g2mz 10.0 g2mz 
10.0 g2mz 5.01 g2mz 

0.630 g2mz 0.316 g2mz 

50-250 
250-350 
3 50- 1 000 
1000-2000 

0.20 g2mz 

0. io g2mz 
-6dBIOct. 

- 12dB/Oct. 

0.10 g2mz 

.05g2mz 
-6dB/Oct. 

-12dB/O~t. 

II Overall 12.3 grms 8.7 grms 
Duration: DesignlQual 3 minutes in each of 3 orthogonal axes 

PF, FA 1 minute in each of 3 orthogonal axes 
Random Vibration Requirements 

Random Vibration Response Limits 
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Pyroshock Qualification Levels 

100000 

10000 

1000 

100 

10 

10 100 1000 

Natural Frequency 

10000 

Pyroshock Design and Test Requirements 
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Use of RAD750 TM vs. redundant commercial processors i p  

I Commercial processors, even with redundancy, have issues and exposures 
that far outweigh their benefits when compared to the RAD750 solution 
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Error detection and 
fault management features 

Fa u I t Tolerance 
Mechanisms: 

configuration registers System watchdog time 
Built In Self Test (BIST) 

Handshake error 

On-chip parity check 

I The RAD750 is supplemented by the Power PCI to comprehensively 
address system level fault management 
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“The work was performed for the Jet Propulsion Laboratory, California Institute of 
Technology, sponsored by the National Aeronautics and Space Administration. 

Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not constitute or imply its 
endorsement by the United States Government, the BAE Systems, or the 
Jet Propulsion Laboratory.” 

January 2002 




