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R@seafch of high performance on-board type computer
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200MIPS class High-Speed 64bit MPU for space use
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Abstract
In recent years, many space projects require high-speed computer in order to construct small and high-
performance electronics for spacecrafts. We started the research and development about 200MIPS class
high-speed 64bit microprocessor in fiscal year 2001. This year, we manufactured Engineering Sample and
evaluated the electrical performance. We also developed In-circuit emulator (ICE), Real-time Operating
System (RTOS) and the development board.
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3.1 200MIPSHL64bitMPU D148

LU, BAEWFSEER %S 2 & 8 TV 5 200MIPSHL64bitMPU DALARIZ DWW Tk R 5, MPU= T
DT —FT 7 F % & LTiL, MIPS Technologies Inc. 2323 5 64bitMPU (MIPS64 SkZE:A L
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Table 1 Specification of the MPU peripheral system

Function block name Specification
CPU Bus Slave Compliant to the EC interface of the MIPS CPU family.
Memory Controller Supports FLASH, burst SRAM and asynchronous SRAM
Single bit Error Correction and Double bit Error Detection.
DMA Controller 2 independent DMA channels. (Memory < Memory, Memory < 1/O)
PCI Controller Compliant with PCI spec. 2.2. 32bit bus, 33MHz / 66MHz.
UART Functionally compatible with 16550. Supports Character / FIFO mode.
Timer 2 channels of 32 bit timers (interval timer mode / pulse generator mode)
Interrupt Controller Supports multiple internal (18ch.) and external (6¢h.) interrupt sources.
8 levels of interrupt priority.
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Fig.1 Engineering Sample of 200MIPS 64bit MPU

3.3 BRXBEREORT & #H

MPURER LTV AT L& BT A8, ICE (In-Circuit Emulator), U 7/V & A A0S, 2%
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Fig.3 Real-time Operating system for 200MIPS 64bit MPU
Development System: eBinder (eSOL)
Kernel: pfITRON 4.0
Compiler: GCC for MIPS

Fig.2 ICE and Test board
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Table 2 Irradiation result of basic circuit and predicted SEU rate on orbit

Circuit name SRAM-PW| SRAM-HS | RH-Latch | PLL-8211 PLL-8511
Number of use in MPU 594944 73728 34551 i i
Cross Section [cm?/bit] 3.16E-07 3.28E-07 <1.05E-8 4.88E-07 4.36E-07
LETth [MeV/(mg/cm’)] 0.46 0.46 >40.3 >6.54 >3.56

Predicted SEU rate (ALCS orbit)

Solar Min. [SEUs/bit/day] | 2.28E-07 2.33e-07 1.24E-15 5.70E-07 1.96E-086
[SEUs/device/day] || 1.36E-01 1.72E-02 4.28E-11 5.70E-07 1.96E-06
Solar Max. [SEUs/bit/day] | 9.54E-08 9.77E-08 2.76E-16 1.32E-07 7.76E-07
[SEUs/device/day] || 5.68E-02 7.20E-03 9.54E-12 1.32E-07 7.76E-07

Predicted SFU rate (geosynchronous orbit)

Solar Min. [SEUs/bit/day] || 6.66E-07 6.80E-07 3.68E-15 2.00E-08 5.88E-06
[SEUs/device/day] || 3.96E-01 5.01E-02 1.27E-10 2.00E-06 5.88E—06
Solar Max. [SEUs/bit/day] | 2.36E-07 2.41E-07 8.26E-16 6.80E-07 1.89E-06
[SEUs/device/day] || 1.40E-01 1.78E-02 2.85E-11 6.80E-07 1.85E-06
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