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1 ӊ  

1.1 ӊ Ӯ 

GSC3281 У ў н SOC ̆ 0.13um ῆ CMOS⁸

̆ў 200~300MHZȂGSC3281Ԉ 32ᴁ ᴐѝў ̆ ᾃ

ҩѓ ╖ б ̆ꜛ 10/100MbpsԈ MAC ⁸ ȁUSB2.0 OTG⁸ ȁ

DDR2 ⁸ ȁNAND Flash ⁸ ȁI2CȁI2SȁUARTȁSPIȁPWMȁ ȁ

Ȃѓ ᾃ ҩ ᴇ ̆ ᴂҩ ̆ Ԉ

Ȃ 

GSC3281 Уэ ҩ 32ᴁ ᴐѝў Ȃ32ᴁ

У 7 Ҕ RISC έ̆ 16KB ԇ cacheб16KB cachĕ

MMŬ Ԉ LinuxȁWinCEȁVxWorks ў ᴐ Ȃ 

GSC3281ᾃ ҩў AXIȁAHBȁAPB ̆ ᾃ б

ҩУ ‟ ̆עִ ҩ б Ȃ ̆GSC3281

ҩУ ‟ ᴂ╖ עִ ̆ꜛ ֭ ȁὯ ȁᴂ ̆ ֒

Ԉ ᴂ э ╖ Ȃ έᴇ ̆ עִ֒ ĞSC3281

ȁ╖ ȁ Уэ ᴧ Ȃ 

GSC3281 έ ̆ ҩҴ ȁ н ⁸ȁ ȁ ѐ

Ѯ ̆ Ԉ ұа Ὧ ̆ᴿ ᶕ ὤ Ȃ 

GSC3281 ҩѓ Э╖ ̆ ᾊ  ⁞ Ӯ Ȃ

GSC3281 ў ҩ Ю Э╖ ̔ 

 ̧ 32ᴁ ᴐѝў  

 ̧ NAND Flashб SPIч ╟  

 ̧ DDR2 ⁸ ̆ 16x533Mbps ּ  

 ̧ NAND Flash ⁸ ̆ 8ᴁ SLC/MLC NAND Flash  

 ̧ ẏ ̂EMI ̃ 

 ̧ 10/100Mbps Ԉ MAC ⁸  

 ̧ USB2.0 OTG⁸  

 ̧ DMA ⁸  

 ̧ ѐ ⁸  

 ̧ 1 б 3 PWM ̆ ⁸ PWMб PWM 

 ̧ 8э UART ̆ ꜛ 2/3/8 Ԉ 232/485 а ѕ  

 ̧ 2э SPIў  

 ̧ 4x4  

 ̧ 2э 7816ў  

 ̧ 1э I2Cў  

 ̧ 1э I2Sў  

 ̧ 2э PS2 ў  

 ̧ 4 ADC  

 ̧ 4э  
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 ̧ 1э  

 ̧ 87э GPIO б 31э ѐ  

 ̧ Э PLL  

1.2 ╖  

 

 ̧ 32ᴁ RISCᴇ  

 ̧ 7 Ҕ  

 ̧ ꜛ ֒ѻ б  

 ̧ 16KB ԇ cacheб 16KB cache 

 ̧ Ὧ ִἼб cache 

 ̧ MMU ꜛ 32 TLB 

 ̧ EJTAG Э ╖  

 ̧ AXI  

 ̧ LinuxȁWinCE ў ᴐ  

ч ╟  

 ̧ NAND Flash ╟ 

 ̧ SPI Flash ╟ 

 ̧ ╟  

DDR2ᾃ ⁸  

 ̧ ּ ѝ 16x600Mbps 

 ̧ 16ᴁ ᴁ  

 ̧ 256MB ẏ  

 ̧ 1э rank 

 ̧ ֒ PHY  

NAND Flash ⁸  

 ̧ 8ᴁ SLC/MLC NAND Flash  

 ̧ 2KB/4KB  

 ̧ ֒ BCH ECC  

 ̧  

 ̧ ᾗ  

 ̧ έ ╟╖  

 ̧ ᾃ DMA  

ẏ ̂EMI ̃ 

 ̧ SRAM  

 ̧ 8ᴁ ᴁ  

 ̧ 3э  

 ̧ ұ SRAM READY

ᶕ  

10/100MbpsԈ MAC ⁸  

 ̧ IEEE 802.3  

 ̧ ῆ RMII  

 ̧ 10/100Mbpsּ  

 ̧ ὤ ᴐ  

 ̧ ᾃ DMA 

 ̧ ╟х  

 ̧ MAC  

 ̧ Hash רּ  

 ̧ ̆ LANѐ  

 ̧ VLAN ⁞ 

 ̧ IP checksum  

 ̧ TCP/IP ѐ checksum ὡ 

USB2.0 OTG ⁸  

 ̧ ў б  

 ̧ ̂ HUB̃  

 ̧ ᾃ DMA  

 ̧ ў ЮὭ 8э channel 

 ̧ ЮὭ 5э endpoints 

 ̧ ᾃ FIFO ѝ 1024x35bit 

DMA ⁸  

 ̧ 4 DMA 

 ̧ ẏ  ẏ ȁ ẏ  ȁ

 ẏ ȁ  ּ  

 ̧ single-blockб multi-blockּ  

 ̧ ֒ б ֒ DMA  

 ̧ 16э ֒  

ѐ ⁸  

 ̧ 27эѐ  

 ̧ ѐ  

 ̧ Уэѐ ⁞ ᴳ б  

 ̧ ѐ έ ѐ ִἼ  

 ̧ ֒ ⁸ Уэѐ ӊ ѐ  
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 ̧ Ὧ ᾳЮ ѐ

CPU  ѐ  

SPIў  

 ̧ 2э SPI ̆ ѝў  

 ̧ SPI1 ╟╖  

 ̧ ȁѐ DMA ּ  

 ̧ 256  

 ̧ Byte Sleep 

 ̧ ѝ 2-17ᴁ 

 ̧ MSBִἼ LSBִἼ 

 ̧ ὤ ᶕ 

 ̧ ὤ SPI  

4x4  

 ̧ 4x4  

 ̧ Ю ӊ ѐ  

 ̧ б Ю֗ ᾳ 

7816ў  

 ̧ чэ 7816ў  

 ̧ ISO7816-3  

 ̧  

 ̧ T=0  

 ̧  

 ̧  

 ̧ ṝ Ȃ 

 ̧ ╟ ּ 

3 PWMб  

 ̧ 3э PWM  

 ̧ Уэ  

 ̧ PWM ч ᴐ ̔ PWM

б ⁸ PWM  

 ̧ PWM Ю Ԉӊ 6э  ȁ

3э     

 ̧ PWM Ю ᴐ  

 ̧ PWM Ю э ӊ чэ

  

 ̧ 3э ὡ 

 ̧ 1э ὡ 

UART 

 ̧ 8э UART̆ ὸ 16550a 

 ̧ 5~8ᴁ ᴁ 

 ̧ 1/1.5/2ᴁṃ ᴁ 

 ̧ UART0/1/2/7 2 232  

 ̧ UART3/4/5 3 485  

 ̧ UART6 8 ὤ╖ ѕ  

 ̧ UART3/4/5/6 DMAּ  

 ̧ UART7  

 ̧ 232 3.7Mbps 

 ̧ 485 12Mbps 

I2Cў  

 ̧ ў  

 ̧ ῆȁ б Ь ּ  

 ̧ 7/10ᴁ  

 ̧ ȁѐ б DMAּ  

I2Sў  

 ̧ ў  

 ̧ 1э б 1э  

 ̧ 12/16/20/24/32ᴁ  

 ̧ DMAּ  

PS2ў  

 ̧ чэ PS2ў  

 ̧ ұ  

 ̧ 11ᴁ  

 ̧ б  

 ̧ ѐ ּ  

ADC  

 ̧ 4 SAR ADC 

 ̧ 12ᴁ  

 ̧ ѝ 120Ksps 

 ̧ ᴂ╖  

 

 ̧ 4э 32ᴁ  

 ̧ э  

 ̧ б ч ᴐ

 

 

 ̧ 32ᴁ  

 ̧  
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 ̧ Ḁ ἵ̆ ӊ

ᴁᶕ ҂̆ἵ Ἴӊ ѐ ᾋӊ

ᴁᶕ  

GPIO  

 ̧ 87э GPIO ̆ э  

 ̧ ὲѐ 31э GPIO ᴐ ѐ  

 ̧ ȁᴂ ȁЭ ȁЮ

4 ѐ  

 ̧ έ ᾃ ұ ѐ

ὡ  

Э PLL 

 ̧   62.5MHZ~1500MHZ 

 ̧ 8 PLL    

 ̧ ֒ PLL    

ᴐ  

 ̧ ̔1.2V 

 ̧ IO ̔3.3V 

 ̧ DDR2 ̔1.8V 

 ̧ USB2.0 OTG ̔1.2V 

 ̧ USB2.0 OTG ̔3.3V 

 ̧ PLL ̔1.2V 

 ̧ PLL ̔1.2V 

 ̧ ADC ̔3.3V 

 ̧ ADC ̔1.2V 

 

 ̧ -40Ņ~85Ņ 

ᴐ  

 ̧ DDR2 PHY ᴐ 600MHZ 

 ̧ CPU ᴐ 300MHZ 

 ̧ AXI ᴐ 300MHZ 

 ̧ AHB ᴐ 200MHZ 

 ̧ APB ᴐ 66.7MHZ 

 

 ̧ LFBGA256  

1.3  

GSC3281 Ԉ ѝ ̆ ҩѓ Э ̆ ╖ AMBA

̆ꜛ AXI ȁAHB Ԉ APB ̆ ҩУэ Э ȂGSC3281

ᴇ 1-1 Ȃ 

DDR2 ⁸

NAND Flash ⁸

DMA ⁸ Ԉ MAC ⁸

USB2.0 OTG ⁸

ѐ ⁸ ẏ

SPI1ў

I2Sў

⁸

I2Cў

 x4

PS2  x2

PWMб

7816  x2

GPIO

UART x8

ЭPLL

ᴁ
AXI

APB

AHB

SPI0 ADC
 

1-1 GSC3281  
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2 ẏ  

2.1  

GSC3281 Ԉ 32ᴁ ᴐѝѐ ̆έ 4GB ẏ ̆

б ẏ У ̕ ұ ᾃ ⁸б ̆ ұ 

ẏ ̆ Ԉ б ẏ У Ȃ 

32ᴁ ᴇ ѐ̆ ‚ѝ 5э ̆⁞ѝ kusegȁ

kseg0ȁkseg1ȁkssegԈ kseg3̆ ˻  Ȃ ̕ὲѐ kusegȁkssegȁkseg3

Ԉ  ѐ ֗ ᴁ ̆ kseg0ȁkseg1‡  ᴂ 512MB

Ȃ ұᴂ 512MB ̆ ұ Ԉӱа ̆ Ԉ

а Ȃ 

On- chi p per i pher al ( 64MB)

dseg̔debug pr obe( 2MB)

kseg3(512MB)

mapped and cacheable

0xFFFF_FFFF

0xE000_0000

ksseg(512MB)

mapped and cacheable

0xC000_0000

0xA000_0000

0x8000_0000

0x0000_0000

0xFF20_0000

0xFF3F_FFFF

On- chi p per i pher al ( 64MB)

0xBC00_0000

0xDFFF_FFFF

0xBFFF_FFFF

0x9FFF_FFFF

0x7FFF_FFFF

֗ ᴁ ( dseg )

֗ ᴁ

֗ ᴁ

kseg1(512MB)

unmapped and uncacheable

kseg0(512MB)

unmapped and cacheable

kuseg(2GB)

mapped and cacheable

0x0000_0000

0x1FFF_FFFF

0xFFFF_FFFF

ᾃ (3.5GB)

ᾃ (448MB)

0x2000_0000

0x1C00_0000

 

2-1 б Ὧ  

GSC3281 ѐ б ẏ У ̆ ᾃ

 kseg1ѐӱ 0xBC00_0000 64MB ̆ ұ ѐӱ 0x1C00_0000

64MB Ȃ ẏ ̆ ᾃ ╟ ѝ ̆

Ԉ  ѐ ⁸б ̆ӱ ⁸ ᾃ ╖ Ȃ  

 ᾃ ἷ 64MB ѐ̆ а ╖ ἷ⁞‚ҩ 4KBȁ8KB

Ԉ 256KBа ̆ 2-1 Ȃ 2-1  ҩ ᾃ kseg1

̆ ֒ Ԉ ᾗ kseg1 б ⁸ Ҿ ᾃ╖ ̕

̆ ֒҂ Ԉ ὲӹ Ҿ ᾃ Ȃ 
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2-1 GSC3281 ẏ  

 (kseg1) /Byte ╖ ἷ 

0x00000000 0xA0000000 448M ᾃ  

0x1C000000 0xBC000000 256K USB2.0 OTG⁸  

0x1C040000 0xBC040000 8K ᶑ  

0x1C042000 0xBC042000 8K DMA ⁸  

0x1C044000 0xBC044000 8K NAND Flash ⁸  

0x1C046000 0xBC046000 8K ᶑ  

0x1C048000 0xBC048000 8K ѐ ⁸  

0x1C04A000 0xBC04A000 8K ⁸ 

0x1C04C000 0xBC04C000 8K SPI1ў  

0x1C04E000 0xBC04E000 8K ẏ ⁸  

0x1C055000 0xBC055000 - ᶑ  

0x1C100000 0xBC100000 4K ᶑ  

0x1C101000 0xBC101000 4K SPI0ў  

0x1C102000 0xBC102000 4K  

0x1C103000 0xBC103000 4K 7816-0ў  

0x1C104000 0xBC104000 4K 7816-1ў  

0x1C105000 0xBC105000 4K б PWM 

0x1C106000 0xBC106000 4K PS/2-0  

0x1C107000 0xBC107000 4K PS/2-1  

0x1C108000 0xBC108000 4K UART0 

0x1C109000 0xBC109000 4K UART1 

0x1C10A000 0xBC10A000 4K UART2 

0x1C10B000 0xBC10B000 4K UART3 

0x1C10C000 0xBC10C000 4K UART4 

0x1C10D000 0xBC10D000 4K UART5 

0x1C10E000 0xBC10E000 4K UART6 

0x1C10F000 0xBC10F000 4K UART7 

0x1C110000 0xBC110000 4K ὡ    

0x1C111000 0xBC111000 4K I2Cў  

0x1C112000 0xBC112000 4K I2Sў  

0x1C113000 0xBC113000 4K DDR2 ⁸  

0x1C114000 0xBC114000 4K  

0x1C115000 0xBC115000 4K  

0x1C116000 0xBC116000 4K DDR2 PHY 

0x1C117000 0xBC117000 8K Ԉ MAC ⁸  

0x1C119000 0xBC119000 - ᶑ  

0x1DC00000 0xBDC00000 1.5K EMI  

0x1E000000 0xBE000000 - ᶑ  

0x1FC00000 0xBFC00000 4M 4MB ╟  

0x20000000 - 3.5G ᾃ  
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2.2 ᾃ ẏ  

GSC3281 ᾃ ӱ 0x1C000000 64MB ̆ ұ

kseg1 ӱ 0xBC000000 64MB Ȃ 64MB ѐ̆ ҩ ᴳ

̆ὲӹ ұ ⁸б ̆ 4KB ұ ᾃ ẏ Ȃ

4KB ᾃ ẏ NAND Flash ⁸ ᾃ ᾰּ̆ש ұ ᾗ NAND Flash Уэ

4KB ᾰȂ ᾃ ẏ ⁞ чэ ̆⁞ѝ 0xBC044000

4KB ̆ ұ NAND Flash ⁸ ᾰ̆Ԉ 0xBFC00000 4KB ̆

ұ NAND Flash ╟Ȃ NAND Flash ⁸ а ᴐ ̆ Ԉ 4KB ᾃ ẏ ᴐ

ẏּש ̆ 0xBC044000 4KB Ԉ ᾃ ẏ Ȃ 

2.3 ẏ  

GSC3281 ẏ ѝ̆а ᵏҩ ̆ Ҿ ẏ

ꜛ ̔ 

 ̧ DDR2 ẏ ̕ 

 ̧ NAND Flash ẏ ̕ 

 ̧ SPI NOR Flash ẏ ̕ 

2.3.1 DDR2 ẏ  

GSC3281 ҩ DDR2 ⁸ ̆ 256MB 16ᴁ DDR2 ẏ ̆

ּ 16x533MbpsȂDDR2 ⁸ AXI AHBчэў ̆ аשּ

а ִἼ ᾃў ̆ᴿ CPU DMA ȂDDR2 ⁸ ᵏҩἼ

̆R ᴐ ̆ ֒ Ԉִע

Ȃ 

2.3.2 NAND Flash ẏ  

GSC3281 ҩONFI 1.0 NAND Flash ⁸ ̆ 8ᴁNAND Flash ̆

ѝ 2KB 4KB̆ ֒ ѝ BCH8̆ NAND Flash ╟Ȃ 

2.3.3 SPI Flash ẏ  

GSC3281 ҩчэ SPIў ч̆э SPI Ԉ ֗ SPI FlashȂ

SPI1 ӱ SPI Flash ╟̆ ╟ ѝ 4MB̆ SPI0 а

╟Ȃ ╟ ̆ ֒ ᾗ SPI1 SPI Flash Ȃ 
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3  

3.1  

GSC3281 Ԉ 32ᴁ ᴐѝѐ 3̆2ᴁ У ў

RISC ̆έ 16KB ԇ cacheб 16KB cachĕ ꜛ 32 TLB

MMŬ ҩУ ‟Ἴ ᴇ ̆ꜛ Ц ȁ╟ ȁҔ ȁ

cache ̆έ   ̆ Ԉ ucLinuxȁVxWorksȁLinuxȁWinCE ў ᴐ

Ȃ 

3.2 ╖  

32ᴁ έ Ю Ὧ ╖ ̔ 

 ̧ RISCᴇ  

 ̧ 32ᴁ б ̆  

 ̧ Ҕ ᾃ ̆7  

 ̧ 16KB ԇ cacheб 16KB cachĕ ⁞ѝ  

 ̧ Ὧ ִἼб cache 

 ̧ MMŬꜛ 32 TLB 

 ̧ ֒ѻ б  

 ̧ AMBA AXI  

 ̧ EJTAG Э ╖  

3.3  

32 ᴁ 3-1 ̆ў ֒ꜛ ֒ȁ

ᾃ ȁ ֒ȁMMUȁCP0 ȁ ԇ cacheȁ cacheȁAXI Ԉ EJTAG

ἷ Ȃ 

ᾃ

ALU/shift/MDU

GPR
CP0

⁸

& MMU

TLB

cache

⁸

cache

ԇ
cache

AXI

EJTAG

AXI

JTAG

 

3-1 32ᴁ  
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3.4  

32 ᴁ ᾃ έ Ц ̆ ҩ Ҕ ᾃ ̆

ȁ╟ Ԉ Ἴ ᴇ ̆G ԇ ѐ Ԉа

̆̓͂ ҩ Ὧб ⁸ Ὧ ҩ ṃ ̆ ҩ

б ᴇ Ȃ 

32 ᴁ Ц ꜛ ȁ ȁ ȁ ȁ ȁᾗ б

ӇὭЦэ ̕ ̆CPU TLBб ԇ cachĕ ԇ̆ а

ԇ  Ἴ ᴐ̕ ̆ ԇ ѝ У ᾃ

̕ ̆ ѐ ԇ ᾰͅ ₥ ԇ

╟ Ԉ ᾱ Ὧ ̕ ̆ ₥ ԇ

 ֒ѐ̕ ̆ ֒ӱ ᴐ ῆ ԇѐ ԇ

̕ ᾗ ̆ ֒ ᾗ  ԇ ‟ѐ̕ Ӈ ̆ ԇ

‟ѐ ԇ ᾗ  ѐ̆ Ȃ

ṃ ᾳЮ̆ Уэ Ԉ У ԇ̕   Ὧȁcacheа ѐ

ᾳ ̆‡ ṃ ̆ᴳ CPU Уэ У ԇȂ 

ұ 32ᴁ ╟ ̆ а ԇ

а ̕ ұ ԇ ̆ Ц Ԉ ת̕ Ҿ ԇ‡

̆R ԇ ѝὧ ̆ ѻ б ԇ

‡ ᴐ а  Ȃע

3.5  

32ᴁ ᵏҩЬ ֒ ̔32э 32ᴁ ȁчэ 32ᴁ

ѻ б ȁ 32ᴁ ⁸ Ȃ 

ұ 32э r̆0б r31 чэ Ȃὲѐ r0 ѝ 0̆

Ԉ ᴐ֗ᴉ ḣ ԇ ̕r0҂ Ԉ ᴐ֗ᴉ ԇ ת̆ r0

ḣаֶ ̆ ԇ х Ȃr31 ҩ ᴐ

Ԉ ̆ ұ ԇ ̆ ұ ẏ ԇ PCȂ 

ѻ б HIбLOж ұ ẏ ѻ ѻ б ᴍ

̆ὲѐ HI ұ ẏѻ 32ᴁ ̆LO ұ ẏѻ

ᴂ 32ᴁ ᴍ Ȃѝҩ HIб LO 3̆2ᴁ ᵏҩ

MTHIȁMTLOȁMFHIȁMFLO ж ԇȂ 

⁸ ў ұ ẏ ȁR ⁸╖ ̆ ᾃ Ю

̆ Ὧ ⁸ ᾃ ľCP0 ĿУ Ȃ 

3.6 ẏ  

3.6.1 ᴐ  

32ᴁ ᴐ ̔ 

 ̧ (user mode) 
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 ̧ (supervisor mode) 

 ̧ ᾃ (kernel mode) 

 ̧ (debug mode) 

32ᴁ 4GB ̆4GB ‚ѝа

̆ ұа ᴐ ̆ а έ а ̆

҂ֶ а Ȃ 

3.6.1.1  

32ᴁ 4GB ̆ ұа ᴐ ̆ Ԉ

4GB а ̆ 3-2 Ȃ 

ᴁѮ ̆ ᴿ Ḁ̆ ὡᾃ ̕ ᾃ Ю̆

֒ Ԉ э 4GB Ԉ CP0 Ȃ 

Ҿ ᴐ ᾃ ὡ ̆ Ю̆ ֒ 4GB

ѐ suseg б sseg ̕ ֒ suseg б sseg Ѯ

̆‡ Уэ ᴿ ̕ Юа CP0 Ȃ 

Ю̆ ֒ 4GB ѐ useg ̕ ֒ useg

Ѯ ̆‡ Уэ ᴿ ̕ Ю ֒а CP0 Ȃ 

useg

address

error

sseg

suseg

kseg3

ksseg

kseg1

kseg0

kuseg

ksseg

kseg1

kseg0

kuseg

dseg

kseg3

kseg3

0xFFFF_FFFF

0xF400_0000

0xBFFF_FFFF

0xDFFF_FFFF

0x7FFF_FFFF

0x0000_0000

0xF3FF_FFFF

0xF200_0000

0xF1FF_FFFF

0xE000_0000

0xC000_0000

0xA000_0000

0x9FFF_FFFF

0x8000_0000

ᾃ

address

error

address

error

 

3-2 32ᴁ б ‚ 

ᴿ ̆ ὡ ̆ Ю̆ ֒ ҩέ ᾃ



GSC3281 ᾊ 

ӏא                     Ὠ                11  

У ̆ Ԉ dseg̕ dsegбᾃ Ю

kseg3  ת̆ dseg Ԉ ֒ Ὧ ̆

Ю ֒҂ Ԉ kseg3 Ȃ 

3-2ѐ Уэ έ mapped έ unmapped ̆έᴇ

ᴐ ̕ ŭnmapped аֶᴳ TLB̆

У ̕ mapped ‡ TLB ̆

ᴁ ̆ ᶕ ꜛ ȁ cacheableԈ ᶑ Ȃ 

3.6.1.2  

Ю̆ ֒ 2GB ̆ ѝ useĝ

̆user segment̃̆ ұ 0̆ ұ 0x7FFF_FFFF̆ 3-3 Ȃ֗ᴉ useg

Ԉ Уэ ᴿ Ȃ 

useg

2GB

mapped

0xFFFF_FFFF

0x7FFF_FFFF

0x0000_0000

0x8000_0000

address

error

 

3-3 Ю  

CP0 ѐ Status ꜛ Ю ᴁ ̆ ұ ̔ 

 ̧ KSU=102 

 ̧ EXL=0 

 ̧ ERL=0 

Ю̆ ҩЭ Status Ьэ ᴁ D̆ebug ѐ DMᴁ҂

ѝ 0. 

useg 3-1 ̆ Ю ֒ ᴁ

ѝ 0̆ э 4GB ѐ ᴂ 2GB ̆֗ᴉ 2GB

Уэ ᴿ Ȃ useg TLB ̆ Ѯ

₥̆ б 8ᴁ ASID Уэ У ̆ TLB

Ѯ ӊ Ȃ ̆TLB ѐ ҩ

ᶕ ̆ ꜛ ҩ ₥ ᴳ cache ᶕ ̆ ₥ ẏ

cacheȂ 

3-1 Ю  

ᴁ 
Status  Debug  

   
EXL ERL KSU DM 

A(31)=0 0 0 102 0 useg 
0x000_0000 

~0x7FFF_FFFF 
2GB 
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3.6.1.3  

 ᴐ ѐ̆ ᴐ ᾃ ұᾃ Ю̆ ᴐ ὲᴍ ‡ ұ

ЮȂ CP0 ѐ Status ꜛ Ю ᴁ ̆ ұ

̔ 

 ̧ KSU=012 

 ̧ EXL=0 

 ̧ ERL=0 

Ю̆ ҩЭ Status Ьэ ᴁ D̆ebug ѐ DMᴁ҂

ѝ 0. 

suseg

2GB

mapped

0x7FFF_FFFF

0x0000_0000

0x8000_0000

address

error

address

error

sseg

512MB

mapped

address

error

0xFFFF_FFFF

0xBFFF_FFFF

0xDFFF_FFFF

0xE000_0000

0xC000_0000

0xA000_0000

0x9FFF_FFFF

 
3-4 Ю  

Ю ֒ 3-4 ̆ꜛ susegб ssegчэ ̆

3-2 Ȃ Ю suseg ұ Ю useg ̆

ѝ 0x0-0x7FFF_FFFF̆ э 4GB ѐ ᴂ 2GB Ȃ Ю sseg

ѝ 512MB̆ 32ᴁ ѐ Ьᴁ ѝ 1102Ȃ susegб sseg

TLB ̆ Ѯ₥̆ б 8ᴁ ASID У

э У ̆ TLB Ѯ ӊ Ȃ

T̆LB ѐ ҩ ᶕ ̆ ꜛ ҩ ₥ ᴳ cache ᶕ ̆

₥ ẏ cacheȂ 

3-2 Ю  

ᴁ 
Status  Debug  

   
EXL ERL KSU DM 

A(31)=0 

0 0 012 0 

suseg 
0x000_0000 

~0x7FFF_FFFF 
2GB 

A(31:29)

= 1102 
sseg 

0xC000_0000 

~0xDFFF_FFFF 
512MB 
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3.6.1.4 ᾃ  

CP0 ѐ Status ꜛ Ю֗ Уэ э ᴁ ̆

ұᾃ ̔ 

 ̧ KSU=002 

 ̧ EXL=1 

 ̧ ERL=1 

ᾃ Ю̆ ҩЭ Ьэ ᴁ̆Debug ѐ DMᴁ҂ ѝ 0. 

kuseg

2GB

mapped

0x7FFF_FFFF

0x0000_0000

0x8000_0000

kseg0

512MB

unmapped

kseg1

512MB

unmapped uncacheable

ksseg

512MB

mapped

kseg3

512MB

mapped

0xFFFF_FFFF

0xBFFF_FFFF

0xDFFF_FFFF

0xE000_0000

0xC000_0000

0xA000_0000

0x9FFF_FFFF

 
3-5 ᾃ Ю  

Уэᴿ з ᴿ а ᴿ Ḁ S̆tatus EXLᴁ

ERLᴁ ֶ 1̆ ὡᾃ ᴿ ̕ ᴿ Ḁ̆

У ᴿ ԇ ERET̆  ₥ ᴿ ԇ

̆ EXLᴁ ERLᴁ ̆  ᴿ Ѯ₥ ᴐ Ȃ 

ᾃ Ю Ԉ э 4GB ̆ 3-5 4̕GB

‚ѝа ̆ꜛ kusegȁkseg0ȁkseg1ȁkssegԈ kseg3̆ а

3-3 Ȃ 

3-3 ᾃ Ю  

ᴁ 
Status  Debug  

   
EXL ERL KSU DM 

A(31)=0 

EXL=1 

 

ERL=1 

 

KSU=002 

0 

kuseg 
0x000_0000 

~0x7FFF_FFFF 
2GB 

A(31:29)

= 1002 
kseg0 

0x8000_0000 

~0x9FFF_FFFF 
512MB 

A(31:29)

= 1012 
kseg1 

0xA000_0000 

~0xBFFF_FFFF 
512MB 

A(31:29)

= 1102 
ksseg 

0xC000_0000 

~0xDFFF_FFFF 
512MB 

A(31:29)

= 1112 
kseg3 

0xE000_0000 

~0xFFFF_FFFF 
512MB 
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 ᾃ Ю kuseg ұ Ю useg б Ю suseg ̆

ѝ 0x0-0x7FFF_FFFF̆ э 4GB ѐ ᴂ 2GB Ȃ ᾳЮ̆ᾃ

Ю kuseg TLB ̆ Ѯ₥̆ б 8ᴁ

ASID Уэ У ̆ TLB Ѯ ӊ

Ȃ ̆TLB ѐ ҩ ᶕ ̆ ꜛ ҩ ₥

ᴳ cache ᶕ ̆ ₥ ẏ cacheȂ 

 ᾃ Ю kseg0 ѝ 0x8000_0000-0x9FFF_FFFF̆ ѝ 512MB̆ ұ

32ᴁ ѐ Ьᴁ ѝ 1002̕kseg0 έ unmapped ̆ kseg0

аֶ TLB ̆ ӱ ῏ 0x8000_0000ᴐѝ

ȂConfig ѐ K0 ⁸ kseg0 ᴳ cachĕ ₥ ẏ

cacheȂ 

 ᾃ Ю kseg1 ѝ 0xA000_0000-0xBFFF_FFFF̆ ѝ 512MB̆ ұ

32ᴁ ѐ Ьᴁѝ 1012̕kseg1 έ unmapped uncacheable ̆

kseg1 аֶ TLB ̆ ӱ ῏ 0xA000_0000

ᴐѝ ̆ ұ ẏ Ȃ 

 ᾃ Ю ksseg ѝ 0xC000_0000-0xDFFF_FFFF̆ ѝ 512MB̆ ұ

32ᴁ ѐ Ьᴁѝ 1102̕kseg3 ѝ 0xE000_0000-0xFFFF_FFFF̆

ѝ 512MB̆ ұ 32ᴁ ѐ Ьᴁѝ 1112̕ ksseg б kseg3

TLB ̆ Ѯ₥̆ б 8ᴁ ASID Уэ У

̆ TLB Ѯ ӊ Ȃ

̆TLB ѐ ҩ ᶕ ̆ ꜛ ҩ ₥ ᴳ cache ᶕ ̆

₥ ẏ cacheȂ 

3.6.1.5  

kuseg

2GB

mapped

0x0000_0000

kseg0

512MB

unmapped

kseg1

512MB

unmapped uncacheable

ksseg

512MB

mapped

0xFFFF_FFFF
dseg

0xFF20_0000

0xFF3F_FFFF kseg3

kseg3

 
3-6 Ю  

ᴿ ̆Debug ѐ DMᴁѝ 1̆ ὡ Ȃ ҩ

Ԉ dsegѮ ̆ бᾃ έ

̕ dseg ѝ 0xFF20_0000-0xFF3F_FFFF̆ ѝ 2MB̆ б kseg3

 ̆ 3-6 Ȃ 
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dseg У ‚ѝ dmsegб drsegчэ ̆ 3-4 d̕mseg

0xFF20_0000-0xFF2F_FFFF̆ ұ ẏ ̕drseg

0xFF30_0000-0xFF3F_FFFF̆  drseg ̆ drseg

Ԉ Ȃ 

3-4 dseg ‚б  

    cache  

dseg 

dmseg 
0xFF20_0000~ 

0xFF2F_FFFF dmseg  ў EJTAG

̆drseg ѝ  
uncacheable 

drseg 
0xFF30_0000~ 

0xFF3F_FFFF 

 

dseg б kseg3  ̆ ֒ а ̆ У ̆

֒Э Ԉ dseg ҂̆ Ԉ kseg3 Ȃ drseg

֒ 3-5 ̆  drseg ꜛ ⁸ (DCR, Debug 

control register)б ֒ ̆ ἵ ֒Ԉ Ҿ ̕

drseg ѐ  ̆‡ а ̆ ֒ ὁ ᾳ̕

Ὧ DCR Ԉ ֒ ᶕ ̆ EJTAG Ȃ dmseg

֒ 3-6 ̆ὲѐ ὁ ProbEN ⁸ᴁѝ 0 dmseg

ᾰͅ   ᾰͅ‡ dmseg ֗ᴉ а ̆

ұṃ ̆  ProbEN ⁸ᴁ ѝ 1Ȃ 

3-5 drseg  

ᴐ Debug LSNWᴁ  

Load/Store 1 kseg3 

Fetch DonΩt care 
drseg 

Load/Store 0 

 

3-6 dmseg  

ᴐ DCR ѐ ProbENᴁ Debug ѐ LSNWᴁ  

Load/Store DonΩt care 1 kseg3 

Fetch 1 DonΩt care 
dmseg 

Load/Store 1 0 

Fetch 0 DonΩt care 
ὁ 

Load/Store 0 0 

3.6.2 TLB 

32ᴁ ὤ╖ MMU ᾃ TLB ̆ὲѐ ᾃ TLB

ꜛ 32э ̆ ὤ ̆ б 32 TLB

Ȃ Уэ TLB ұ бṝ чэ ̆ 32 TLBУὭ Ԉ

64 э ᴐ Ȃ У ѐ̆ ̂ ̆

Ю б̃ EntryHI ѐ ASID ̆ ḣ ұ TLBѐ

̆ б Уэ TLB רּ ̆‡ TLB ѐ̆ TLB ѐ ѝ

Ȃ 
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 32ᴁ Ԉ а ̆ Ԉӱ 4KB 16MB̆

Уэ ḣ ₥Уэ ḣ 4᷁̆ ꜛ 4KBȁ16KBȁ64KBȁ256KBȁ1MBȁ4MB

б 16MB ᾳȂ 

 Уэ TLBѐ Уэּר ̆ TLB ѐ̆ ӱ TLBѐ  

̆ бḶ Ȃ Уэ TLBѐа רּ

̆ TLB ̆ ӊ Уэ TLB ᴿ ̆ ֒ ӱᾃ ѐ ᾗ TLBѐȂ

֒ᾗὡ TLB ̆ Ԉ ᾗὡУэ ᴁ ҂̆ Ԉ ֒ ⁸ᾗὡУэ

TLB ᴁ Ȃ 

0 PFN C

VPN2 ASID0

0 MASK 0

G

D V 0

6 20 3 1 1 1

63 58 57 38 37 35 34 33 32

0 PFN C D V 0

6 20 3 1 1 1

31 26 25 6 5 3 2 1 0

19 1 4 8

95 77 76 75 72 71 64

12 137

127 121 120 109 108 96

 

3-7 TLB  

3-7 TLB ᴁ  

ᴁ  ᴁ  ╖  

MASK 12 

ᴁ̕ ѐ̆ ̆ ᴁ ұ VPN2

ѐ ᴁ̆ᴳѮа ╗″ TLB ѐб ̆ ᴁб

Ὧ Ю̔ 

ᴁ  

0000_0000_0000 4KB 

0000_0000_0011 16KB 

0000_0000_1111 64KB 

0000_0011_1111 256KB 

0000_1111_1111 1MB 

0011_1111_1111 4MB 

1111_1111_1111 16MB 
 

VPN2 19 

Ԉ 2Ѯ ḣ̕ ұ TLB ѐУэ ұУ ṝ

̆ Ԉ 2̕VPN2[18:10] ֶ ╗″ TLB ѐ

б ̆ VPN2[11:0]‡ MASK ѐ ᾱ

╗ Ȃ 

G 1 
ὤ ᴁ̕ G ѝ 1 ̆ TLB ұ ̆

″ TLB ѐ ASID аᾋ б Ȃ 

ASID 8 ̕ ұ ₥ TLB Ȃ 

PFN 20 
̕ Ѭҩ [31:12]ᴁ̆ ұ 4KB ̆ ѐ

ᴁֶ ᴳ Ȃ 

C 3 
cache ̕C ұ ₥ cache ̆ 32ᴁ ѐ̆C

ḣѝ 0112 ₥ έ cacheable ̆ ₥ ᴳ cachĕ
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ᴁ  ᴁ  ╖  

ὲӹḣ έ uncacheable ̆ аᴳ cacheȂ 

D 1 
Dirtyᴁ̕D ₥ ᾗ̆ѝ 1 ἵ ₥ ᾗ ᴐ̆ѝ

0 аἵ ₥ ᾗ ᴐ̆ ‡ Уэ TLB modifiedR Ȃ 

V 1 
Validᴁ̕V ₥ TLB ̆ ѝ 1 ̆ ₥

̆ ѝ 0 ̆ ₥ Уэ TLB invalidR Ȃ 

 

TLB 3-7 ̆ ѐ э 3-7 Ȃ ֒ TLBWI

TLBWR ԇ TLBѐᾗὡУэ ̆ ᾗὡѮ₥̆ Ἴ CP0 Ԉ

ᾗὡ ᶕ ̆ Ҿ CP0 ὲᴁ ꜛ ̔ 

 ̧ PageMask ѐ MASK  

 ̧ EntryHi ѐ VPN2б ASID  

 ̧ EntryLo0 ѐ PFNȁCȁDȁV G  

 ̧ EntryLo1 ѐ PFNȁCȁDȁV G  

Э CP0 ᴁ ѐ̆G ұ EntryLo0 б EntryLo1 ѐ̆ᾗ

ὡ TLB ѐ G ḣ чэ ѐ G ḣ ľбĿ ȂASID ұ῏ ЭЮ

 TLB ╟̕ ̆EntryHi ѐ ASID б TLB ѐ

ASID ̕ ASID ̆ᴳ а ᶕ ԈὭ ұ TLBб cacheѐȂ 

3.6.3  

ѐ̆ б TLB VPN2 ҵ רּ ̆

з Ючэ ֒ѮЎ‡ ѝУ TLB ѐ̔ 

 ̧ TLB ѐ бṝ G ѝ 1̕ 

 ̧ EntryHi ѐ ASID б TLB ASID ̕ 

а ԈЭּר ֒̆‡ У TLB ᴿ ̆ ֒ ӱᾃ ѐ

  ᾗὡ TLBȂ 

G ASID VPN offset

C D V PFN

C D V PFN

G ASID VPN2

PFN offset

TLB

TLB

G ȁASID Ԉ

ᴁ̂ VPÑб

TLBѐ

TLB ѐ̆‡  
ᴁ̂

PFÑ

Ḷ offsetа

TLB ̆ бPFN

 

3-8  

3-8 ̆ б 8ᴁ ASIDḣ ̆ Ѯ

ḣ ұ″ TLB ѐ 8̕ᴁ ASID ₥ ᶕ ̆ ẏұ EntryHi ѐ.

Уэ TLBѐ ѐ̆‡   TLB ѐ PFN̆ б ѐ Ḷ
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Ḷ̕ Ԇ ҩ ₥ У ѐ έᴇᴁ Ḷ̆ а

Ȃ 

3-9ѐ ҩ ѝ 4KBб 16MB ȂḶ

ᾱ ̆ ѝ 4KB Ḷ ѝ 12ᴁ̆ ѐ⅓ᴍ 20ᴁ ѝ

̂VPÑ̕ ѝ 16MB Ḷ ѝ 24ᴁ̆ ѝ 8ᴁȂ 

ASID VPN offset

̔ 4KBȁ1MB
39 32 31 29 28 12 11 020ᴁ=1M

offsetPFN

TLB

31 0

ASID VPN offset

39 32 31 29 28 0

8ᴁ=256

TLB

24 23

8 20 12

8 8 24

32ᴁ

Ḷ

ᶑ а

Ḷ

ᶑ а

31ȁ

30ȁ29ᴁ ұ
ᾃ ȁ Ԉ

̔ 16MBȁ256
 

3-9 32ᴁ  

ұУэ ̆ TLBѐ ѐУэ TLB ‡̆ ӊ

̕ TLBѐа ѐ̆‡ӊ Уэ TLB ᴿ ̕ TLB ѐת TLB

̆‡ӊ Уэ TLB ᴿ ̕ 3-10  ҩ ӊ ᴿ Ȃ 

֒ TLBѐᾗὡУэ TLB ̆ Ԉ Index TLB ᾗὡ

Уэ ᴁ ̆҂ Ԉ Random TLB ᾗὡУэ ᴁ ̕ ұ

ᾗὡ ̆ Ԉ Wired ᴳ Ҿ TLB аֶ Ȃб ̆

ᾳ ̆ ֒ Ԉ PageMask TLB ѐ ̆ ѝ

4KB 16MBȂ Ὧб ẏ Ὧ CP0 ̆ ľCP0 ĿУ Ȃ 
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?

VPNб
ASI D

? ?
ᴿ

?
unmapped

?
ᴿ

VPNּר ̙

G=1?
ASI D

רּ   ̙

V=1?

D=1?

C=011?

ᾗ ᴐ?

TLBɡ
ᴿ

ў
ẏcache

TLB
ᴿ

TLB
ᴿ

( ὡ)

(  )

Valid

Dirty

cacheable

 

3-10 TLB  

3.7  

3.7.1  

32ᴁ έ 16KB Э L1 ԇ cacheб 16KB Э L1 cachĕ ⁞

ѝ ̆ У cache ѝ 4KB̆ 128э cache ̂ ҂ ѝ cache

cachelinẽ ̆ э cache ѝ 32э Ȃ ҩ ᴐѝ

cache б ᴐѝ cache ̆ Ԉ б cache ̆

ҩ cache Ȃѝҩ ̆ ҩ ̂non-blocking̃

cacheбὯ ִἼ cache Ȃ 

ѐ̆ б uncacheable ẏ שּ ̆‡
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cachĕ AXI   ̕ cacheableּש ̆

‡ cache ᾗ ᴐ̆ cacheа ѐ AXI ў ẏ  Уэ

ѝ 8э Ȃ 

3.7.2  

32ᴁ ԇ cacheб cache ѝ 16KB̆⁞ ̆

3-11 ̆ὲѐ У cacheꜛ 128э ̆ э ұУэ ѝ 8э

cache Ȃ б ѐ̆ ̂Index̃

̂Tag̃ ̂Datã̆   ḣ ұ ӊ ̆ӱ

У cacheꜛ ҩ Ȃ  

tag data

tag data

tag data

tag data

tag data

tag data

tag data

tag data

0 cache 1 cache 2 cache 3 cache

Index=0

Index=127

 

3-11 cache  

3-11 ̆ ԇ cacheб cacheέ ̆ У cacheꜛ 128

э ̆ Уэ ꜛ Уэ бУэ 8э ת̆ ԇ cacheб cache

ᾃ а ̆ 3-12б 3-13 ̆ ԇ cache ꜛ 20ᴁ ᴁ

cache ᴁ̆ cache ꜛ 20ᴁ ᴁ ȁcache

ᴁԈ cache ѝľ Ŀ W ᴁȂ 

pTag DataCS

20

Tag

19 0 255 0

CS

pTag

Data

cache ᴁ̆11 ̆

ὲӹḣ

21

cache 20ᴁ ḣ̆ ұ

[31:12]ᴁ

cache 32
 

3-12 ԇ cache  



GSC3281 ᾊ 

ӏא                     Ὠ                21  

pTag DataCS

20

Tag

19 0 255 0

CS

pTag

Data

cache ᴁ̆11 ̆

ὲӹḣ

21

cache 20ᴁ ḣ̆ ұ

[31:12]ᴁ

cache 32

W

22

W
cache ľ Ŀᴁ̆ѝ1

₥cache ᾗ

 
3-13 cache  

У cache ѐ̆ ᴂ 12ᴁ ᴐ cache ̆ὲѐ[11:5]ᴁ ұ

У cacheѐ 128э cache [̆4:2]ᴁ ұ Уэ cache ѐ 8э ̆ 3-14

̕ ᴁ ұ MMU ̆  б cache

ѐ pTag ̆ У pTagбὲּר ̆ з cache ᴁ ̆

‡ ѝУ ľcache ѐ̂cache hit̃ Ŀ̆ ӱ ѐ  ̆ cacheѐ֗

ᴉУ pTag абὲּר ̆‡ ѝУ ľcache ̂cache miss̃Ŀ̆ ᾃ Уэ

8э Ȃ 

Index

31 12 11 5 4 2 1 0

MMU

Tag Data

Tag Data

0 cache

1~3 cache

ѐ/ ԇ/
 

3-14 cache  

3.7.3  

 cache ҩ ̆ Уэ cacheѐа ѐ̂ cache ̃

̆ ӱ cacheѐ У ̆ ӱᾃ ὡ cache ᾗὡ

ᴁ Ȃ 

cache write-back cachĕ а ȁ ᾗ

cache ̆ Ἴӱᾃ ѐ ὡ cache  cacheѐ̆ ᾋ

ᾗ ᴐȂ 

cache ̆ cache ̂ CS=0x3̃ зWᴁѝ 1̆

‡ cache ᾗ ̆ ₥ cache ̆

₥ cache ᾗ ᾃ ѐ̆ ‡ х Ȃ 
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3.7.4 cache ᴐ 

32ᴁ ᵏҩὩ cache ԇ cache ᴐ̆ꜛ ᴳ э

cache ȁ   cache ȁᾗὡ cache Ԉ ᴳ ѐ cache Ȃ ԇ cache

б cache ѝ ̆ᴳ ᴂчᴁ שּ ₥ cache ԇ

У cache ᴐȂ Ὡ cacheѐ̆У ұ ԇ cachĕ ҷ ұ cachĕ έᴇ

ᾳ Ю 3-8 Ȃ 

3-8 cache ԇ ᴐ 

cache ԇ [20:16]ᴁ cache ᴐ cache 

0x0 Index Invalidate ԇ cache 

0x1 Index Writeback Invalidate cache 

0x5 Index Load Tag cache 

0x9 Index Store Tag cache 

0x11 Hit Invalidate cache 

0x15 Hit Writeback Invalidate cache 

3.8 ᴿ  

32ᴁ έ эᴿ ̆ꜛ TLB ȁ  ȁIOѐ Ԉ

̆ ֗ Уэᴿ ̆ ԇ ̆ ὡᾃ

ᴿ Ȃ 

ὡᾃ Ѯ ̆ ╟ ѐ ̆ ⁸ Уэ ὡ

ᴿ ̕ᴿ Ἴᶑ ᴿ ЭЮ ̆ꜛ PCḣȁ ₥

ᴐ ȁѐ ̂ᴳ ̃ ̆ ᴿ ̆ ѝ ᶑ ЭЮ

Ȃ 

Уэᴿ ̆CP0 ѐ EPC(Exception Program Counter) ḣ

ѝᴿ Ѯ У ԇ PCḣȂ У ԇ ҩᴿ ‡̆ EPC

ᶑ ԇ PCḣ̕ У ԇ ҩᴿ ̆‡ EPCᶑ ԇ

Ѯ₥ ԇ PCḣȂѝҩּש ч ᾰͅR Ԉ Cause ѐ BD

ᴁ ″ Ȃ 

3.8.1 ᴿ  

Уэᴿ ̆ ₥ ԇԈ ѐ ԇ ӑֶӊ

 ̆ ̆ б ₥ ԇ Ὧ ṃ Ԉ ᴿ

аֶᾋӊ ᴐ Ȃ 

У ԇӱ  Ӈ ѐ ӑ э ҩᴿ ̆

ԇԈ ԇ ֶ ̆ з ԇ Ӈ Ѯ ̆ ԇ ᴿ ᶕ

ᴿ Ὧ CP0 ̆ꜛ ᴿ ȁ ₥ ԇ PCḣ ̆ ᴿ ὡ

ᴿ Ȃ 

ԈЭ ̆ У ԇ ᴿ ̆ ԇѮ₥ ԇ Ԉ ̆

ԇѮ ԇ аֶ ̆ EPC ̂ ErrorEPC DEPC

ѐ̃ᶑ ᶕ Ԉ ᴿ Ѯ ᴳ Ȃ ԇ ᴿ ̆
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҂ᶑ ҩ ᴿ б ԇ У ̆ ѐ ԇаֶἼұ₥

ԇ ᴿ Ȃ ԈЭ ̆ ұ ѐᴿ  ᴿ ԇ̆

У ᴿ Ȃ 

3.8.2 ᴿ ִἼ  

ѐ ԇ ѐ̆ ЭЮ ᾰͅ ᴿ ̆ 3-9ѐ

ִἼ ‟ѡҩ ѐ ᴿ ̕ эᴿ έ̆ ִἼ

ᴿ Ἴ  Ȃ 

3-9 ᴿ ִἼ  

ִἼ  ᴿ ╠  ᴿ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᴂ 

Reset ᴁ 

DSS Э ᴿ ̔  

DINT Э ᴿ ̔ ѐ  

Int ѐ  

DIB Э ᴿ ̔ ԇ  

AdEL  

TLBL TLB TLB  

DBp Э ᴿ ̔ ֒  

Sys  

Bp ֒  

CpU а  

RI ԇ 

Ov   

Tr  

DDBL/DDBS 
Э ᴿ а̔ ֒ ̆

store ԇ ֒  

AdEL load ԇ  

AdES store ԇ  

TLBL load ᴐ TLB TLB  

TLBS store ᴐ TLB TLB  

TLBM TLBɡ  

DDBL 
Э ᴿ ̔ load ԇ

֒  

 

3.8.3 ᴿ ὡ  

ѐ̆ ᴁᴐѝУ ᴿ ̆ зᴿ ὡ ѝ

0xBFC0_0000Ȃ ұ ᴿ ̆ ECR ѐ ProbTrapᴁ 0 1̆ᴿ ὡ

⁞ ѝ 0xBFC0_0480 0xFF20_0200Ȃ Ѯ ̆ ὲӹᴿ ὡ У

э бУэ Ḷ ḣ ╗ ̆ 3-10б 3-11 ̕ὲѐ ұ

ḣ̆ Status ѐ BEVᴁ а ̆ ḣ҂ֶ а Ȃ 



GSC3281 ᾊ 

ӏא                     Ὠ                24  

3-10 ᴿ ὡ  

ᴿ  
BEV 

0 1 

Reset 0xBFC0_0000 

ᴿ  
ProbTrap=0 0xBFC0_0480 

ProbTrap=1 0xFF20_0200 

ὲӹ 0x8000_0000 0xBFC0_0200 

 

3-11 ᴿ ὡ Ḷ  

ᴿ  Ḷ  

Reset  

TLB  0x000 

ὲӹ 0x180 

 

3.8.4 ᴿ  

ҩ ᴁб ᴿ ̆ ὲӹᴿ έ ў̆ ꜛ

Юΰэ ̔ 

 ̧ Status EXLᴁѝ 0̆‡ EPC Cause ѐ BDᴁ ₥

ԇ ѝ ԇ ԇ ̕ ₥ ԇа ԇ̆‡ EPC

ѝ ₥ ԇ PCḣ̆BDᴁ ѝ 0̕ ₥ ԇ ԇ̆‡ EPC

ѝ PC-4 B̆Dᴁ ѝ 1Ȃ Status EXLᴁѝ 1̆‡ EPC б

Cause BDᴁ аֶ ̕ 

 ̧ έᴇ ᴿ ̆Cause ѐ CEᴁб ExcCodeᴁ ѝ ḣ̕ 

 ̧ Status EXLᴁ ѝ 1̕ 

 ̧ ӱ ᴿ ὡ ᴿ Ȃ 

EPC ѐ ḣԆ ҩ ᴿ Ѯ У ԇ PC̆

ᾳЮᴿ а ᶢ ḣȂ ᴿ ᴿ

ԇ У ԇ ԇ̆ ‡ а Cause BDᴁȂ 

̆ ұ эᴿ ̆ ֶᶑ Ҿ ᶕ ὲӹ Ὧ CP0

ѐ̆ ᴿ Ҿᶕ а Ȃ 

ᴿ ᴐ Ю̔ 

If StatusEXL=0 then 

   if instruction_in_branchdelayslot then 

     EPC <- PC-4 

     CauseBD <- 1 

   else 

     EPC <- PC 

     CauseBD <- 0 

   endif 

   if exception_type = TLB_refill then 

     vector_offset <- 0x000 

   else 
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     vector_offset <- 0x180 

   endif 

 CauseCE <- faulting_coprocessor_number 

 Causeexccode <- exception_type 

 CauseEXL <- 1 

 if StatusBEV = 1 then 

    PC <- 0xBFC0_0200 + vector_offset 

 else 

    PC <- 0x8000_0000 + vector_offset 

 endif 

3.8.5 ᴁᴿ  

ᴁᴐѝУ а ᴿ Ȃ ᴁ ̆

₂ ѝ ̆ὲѐ ѝ ̆ ᶑ  ע ᴐ̆

ὲᴍ ‡ѝ Ѭ Ȃ ᴁ ꜛ ̔ 

 ̧ Random ḣ ѝע 31̕  

 ̧ Wired  ѝע 0̕ 

 ̧ Config  ѝע ̕ 

 ̧ Status BEV б ERL  ѝע 1̕ 

 ̧ PCӱ 0xBFC0_0000 ̕ 

ᴁᴿ ᴐ Ю̔ 

Random <- 31 

Wired <- 0 

Config <- default_state 

StatusBEV < 1 

StatusERL < 1 

StatusNMI < 0 

PC <- 0xBFC0_0000 

3.8.6 ᴿ  

ᴿ έ ̆ꜛ Ю̔ 

 ̧ ᴿ ԇ ѝ ԇ ԇ̆DEPC Debug

ѐ BDᴁ ̕ ₥ ԇа ԇ̆‡ DEPC ѝ ₥

ԇ PCḣ̆DBDᴁ ѝ 0̕ ₥ ԇ ԇ̆‡ DEPC ѝ

PC-4̆BDᴁ ѝ 1Ȃ 

 ̧ ᴿ έᴇ ̆ Debug ѐ DSSȁDBPȁDDBLȁDDBSȁDIBԈ

DINTᴁ̕ 

 ̧ Debug DMᴁ ѝ 1̕ 

 ̧ ӱ ᴿ ὡ ̕ 

DEPC ѐ ḣԆ ҩ ᴿ Ѯ У

ԇ PC̆ ᾳЮ ᴿ а ᶢ ḣȂ ᴿ

ᴿ ԇ У ԇ ԇ̆ ‡ а Debug
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DBDᴁȂ 

ᴿ Debug ѐ DSSȁDBPȁDDBLȁDDBSȁDIBԈ DINT

ᴁ̆ Ԉ έᴇ ҩ э ᴿ Ȃ 

ᴿ Ḁ̆ὲӹб Ὧ CP0 аֶ Ȃ 

ᴿ ᴐ Ю̔ 

if instruction_in_branchdelayslot then 

  DEPC <- PC-4 

    DebugDBD <- 1 

else 

   DEPC <- PC 

   DebugDBD <- 0 

endif 

Debug[5:0] <- debug_exception_type 

DebugDM <- 1 

if ECRProbTrap = 1 then 

   PC <- 0xFF20_0200 

else 

   PC <- 0xBFC0_0480 

endif 

3.9 CP0  

3.9.1  

ᴇ Ԉ 4 э ̆⁞ѝ CP0ȁCP1ȁCP2 CP3̆ ת

GSC3281 ѐ 32ᴁ CP0 ȂCP0 Уэ

̆ў ұ ⁸╖ ̆ꜛ ẏ ȁᴿ ȁ ᴐ  ȁcache

Ԉ ὲӹ Ȃ 

3.9.2 CP0 ‟  

CP0 ꜛ У ‟ CP0 ̆ Ҿ ⁸╖ ̆

ᾃ Ю ֒ Ԉ CP0 Ȃ CP0 ‟ 3-12

Ȃ 

3-12 CP0 ‟  

  ╖  

0 Index TLB  

1 Random TLB ḣ 

2 EntryLo0 TLB ᴂ ̆ ұṝ  

3 EntryLo1 TLB ̆ ұ  

4 Context ẏ ѐ  

5 PageMask ұ ⁸ TLB ѐ ᶕ  

6 Wired ұ ⁸ TLB  
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7 ᶑ  ᶑ  

8 BadVaddr У Ὧᴿ  

9 Count ᾃ  

10 EntryHi TLB  

11 Compare ӊ ѐ  

12 Status б ⁸  

13 Cause ᶑ У ᴿ  

14 EPC ᶑ У ᴿ ԇ PCḣ 

15 PRId б  

16 Config  

17-22 ᶑ  ᶑ  

23 Debug ⁸б ᴿ  

24 DEPC ᶑ У ᴿ ԇ PCḣ 

25-27 ᶑ  ᶑ  

28 TagLo cache ᴂ  

29 TagHi cache ̆ ѐ ᴐᵳ  

30 ErrorEPC 
ᶑ У ԇ PCḣ̆ ѐ ᴐᵳ

 

31 DeSave ᴿ ᵳ  

 

3.9.3 CP0  

3.9.3.1 CP0 0̔Index 

Index 32ᴁ ᾗ ̆ꜛ ҩ TLB ╖ ᶕ TLB

ḣ̆ TLBP ԇ ֶ ╖ ᶕ ̆ TLBPȁTLBR

б TLBWI ԇ ֶᴳ  TLB ḣȂ ұ ѐꜛ ҩ 32 TLB ̆

Index ѐ ᴁ ѝ 5ᴁȂ 

P 0 Index

31 30 5 4 0

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

P [31] RO 
̕ TLBP ԇа TLBѐ У

эּר ̆ ᴁ 1Ȃ 
Ѭ 

0 [30:5] - ̆ ᾗ ѝ 0Ȃ 0x0 

Index [4:0] R/W 
TLB ̕TLBRȁTLBWIԈ TLBP ԇ ᴳ

Ȃ 
Ѭ 
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3.9.3.2 CP0 1̔Random 

Random Уэ ὲ̆ḣ TLBWR ԇ ұ TLB Ȃ ұ

ꜛ ҩ 32 TLB ̆ Random ᴁ ѝ 5ᴁȂ 

Random ḣ Э ḣбЮ ḣѮ Э̆ע ḣбЮ ḣ⁞ѝ̔ 

 ̧ Э ḣ̔TLB ῏ 1̆ ұ ̆ ḣѝ 31Ȃ 

 ̧ Ю ḣ̔ ᴐ ж TLB Ѯ Уэ TLB ̆ ḣЭ ұWired ѐ

ḣȂ 

Random ḣ э ῏ 1̆ ῏ Ю ḣ ̆‡ Э ḣ

῏ 1 ᴐȂ 

ᴁ R̆andom ḣ ѝЭע ḣ̕ ᾗWired R̆andom

҂ ѝЭע ḣȂ 

0 Random

31 5 4 0

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

0 [31:5] - ̆ ᾗ ѝ 0Ȃ 0x0 

Random [4:0] RO TLB Ȃ Ѭ 

 

3.9.3.3 CP0 2/3̔EntryLo0/1 

EntryLo0б EntryLo1 У έ ᾗ ̆ TLB ᾗ ⁞

ұᶑ ṝ б ᶕ Ȃ ѐ T̆LBR ԇ ұ TLB̆ TLBWI

б TLBWR ԇ ұᾗ TLBȂ 

ȁTLB ȁTLBᶢ Ԉ TLB ᴿ Ѯ ̆EntryLo0б EntryLo1

ḣ ұ Ѭ Ȃ 

R G

31 5 3 0

0 VDCPFN

30 29 26 25 6 2 1

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

Reserved [31:30] - ᶑ  0x0 

0 [29:26] R/W 

4ᴁ PFN У ת̆ ұ

32ᴁ ̆ PFN ѝ20ᴁ [̆29:26]

ᴁ ᾗѝ 0Ȃ 

0x0 

PFN [25:6] R/W ̆ ұ [31:12]ᴁȂ Ѭ 

C 5:3 R/W 
cache ̆ ḣѝ0112 ₥ έ cacheable

̆ὲᴍḣ ѝ uncacheable Ȃ 
Ѭ 

D 2 R/W 

ľ Ŀ ᾗᴳ ᴁ̕ ᴁѝ 1̆ ₥ ᾗ̕

ᴁѝ 0̆ ₥ а ᾗ̆ ₥ ᾗ ᴐ

TLBɡ ᴿ Ȃ 

ѝ Ѭ 
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V 1 R/W 

ᴁ̆ ₥ TLB ̕ ᴁѝ 1̆

ἵ ₥ ̕ ᴁѝ 0 ‡̆ ₥

Уэ TLB ᴿ Ȃ 

Ѭ 

G 0 R/W 

ὤ ᴁ̕ TLBᾗ ̆EntryLo0б EntryLo1

ѐ Gᴁ ľ бĿ ᴐѝ TLB Gᴁḣ̕

TLB Gᴁѝ 1̆‡ ASIDḣ

а б ̕ TLB T̆LB ѐ Gᴁ

 EntryLo0б EntryLo1 GᴁѐȂ 

Ѭ 

3.9.3.4 CP0 4̔Context 

Context ѐꜛ ҩ ὡ ̂page table entry, PTẼ ̆ У

э ᴐ ұ Ȃ TLB ᴿ ̆ ᴐ ӱ PTE

ѐ ╗  TLBѐȂContex б BadVaddr έ

 ᾃ ת̆ Context ᾃ ҩ ̆ᴳ ᴐ Ԉ ẏ

ѐ 8 PTEȂ 

Уэ TLBR ̆ꜛ TLB ᴿ ȁTLB ᴿ Ԉ TLBɡ ᴿ ̆

ѐ [31:13]ᴁ ᾗὡ Context ѐ BadVPN2 ̆ PTEBase ‡ ᴐᶢ

ᾗбᴳ Ȃ 

Уэ ᴿ Ѯ ̆Context ѐ BadVPN2 ұ Ѭ Ȃ 

31 4 3 0

PTEBase 0BadVPN2

23 22

 

 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

PTEBase [31:23] R/W 

ᴐ ᾗбᴳ ̆ ᾗὡ

ḣ̆G ᴐ Ԉ Context ḣᴐѝ

ẏ ѐ PTE Ȃ 

Ѭ 

BadVPN2 [22:4] RO 
TLB ̆ [31:13]ᴁᾗὡ

Ȃ 
Ѭ 

0 [3:0] - ̆ ᾗ ѝ 0Ȃ 0x0 

 

3.9.3.5 CP0 5̔PageMask 

PageMask Уэ ᾗ ̆ꜛ ҩ ᶕ ̆ ᾗ TLB

ᴳ  ̕PageMask ᶕ б Ὧ Ю

̆ ᴳ ҩ ѐа ᶕ ̆‡ TLB ѝ ұ Ѭ Ȃ 

31 13 12 0

0 0MASK

25 24

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 
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0 [31:25] - ̆ ᾗ ѝ 0Ȃ 0x0 

MASK [24:13] R/W 

ᶕ ̕ ᴁѝ 1 ̆ ѐ

ᴁ а ╗ ̕ ᶕ

б Ὧ Ю ̔ 

 

PageMask[24:13]  

0000_0000_0000 4KB 

0000_0000_0011 16KB 

0000_0000_1111 64KB 

0000_0011_1111 256KB 

0000_1111_1111 1MB 

0011_1111_1111 4MB 

1111_1111_1111 16MB 

   

Ѭ 

0 [12:0] - ̆ ᾗ ѝ 0Ȃ 0x0 

 

3.9.3.6 CP0 6̔Wired 

Wired ҩ TLBѐ TLB б TLB Ѯ ̆ 3-15 ̕

б Index Ԉ Random Wired̆נ ᴁ ѝ 5ᴁ̕ ḣ Wired

ḣ TLB ұ TLB ̆аֶ TLBWR ԇ ᾗ̆ת Ԉ TLBWI ԇ

ᾗȂ 

ᴁѮ Wired ḣ ѝע 0̕ᾗ Wired ̆Random

╟  ѝע 31Ȃ 

5

0

31

5

Wired

ra
n

d
o

m
w

ir
e

d

 

3-15 TLBѐ б  



GSC3281 ᾊ 

ӏא                     Ὠ                31  

0 Wired

31 5 4 0

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

0 [31:5] - ̆ ᾗ ѝ 0Ȃ 0x0 

Wired [4:0] R/W TLB ḣȂ 0x0 

 

3.9.3.7 CP0 7̔BadVaddr 

BadVaddr Уэ ᶑ̆ ҩ У ᴿ ȁTLB ᴿ ȁ

TLB ᴿ Ԉ TLBɡ ᴿ Ȃ 

BadVaddr

31 031 0

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

BadVaddr [31:0] R/W 
У ᴿ ȁTLB ᴿ ȁTLB

ᴿ Ԉ TLBɡ ᴿ Ȃ 
Ѭ 

 

3.9.3.8 CP0 9̔Count 

Count ᴐ ұУэנ ̆ чэ У ╗ 1 ᴐ̆

╗ 1 ᴐаֶ  ԇ Ԉ Ȃ 

Ю̆Debug ѐ CountDMᴁ ḣᾱ Count

╗ 1 ᴐȂ 

Count

31 031 0

 

 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

Count [31:0] R/W 32ᴁ ̆ чэ У ╗ 1 ᴐȂ Ѭ 

 

3.9.3.9 CP0 10̔EntryHi 

EntryHi ѐꜛ ҩ TLB ȁᾗԈ ᴐѐ  ᶕ Ȃ Уэ

TLBᴿ ̆ꜛ TLB ᴿ ȁTLB ᴿ б TLBᶢ ᴿ ̆ ѐ [31:13]ᴁ

ᾗὡ EntryHi VPN2 Ȃ ֒ ₥ ᾗὡ EntryHi ѐ

ASID ̆ ḣ ѐ ұ″ TLB ѐȂ ᴿ ̆

EntryHi ѐ VPN2 ұ Ѭ Ȃ 
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31 13 12 0

ASIDVPN2 0

78

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

VPN2 [31:13] R/W 

[31:13]ᴁ̂ Ԉ 2̃̕ VPN2

TLBᴿ TLB ᴐ ֒ ╟ ̆

TLBᾗ ᴐѮ₥ ֒ᾗὡȂ 

Ѭ 

0 [12:8] - ̆ ᾗ ѝ 0Ȃ 0x0 

ASID [7:0] R/W 
A̕SID TLB ֒ ╟ ̆

TLBᾗ ᴐѮ₥ ֒ᾗὡȂ 
Ѭ 

 

3.9.3.10 CP0 11̔Compare 

Compare б Count ү Ὥ ᴐ Уэ ̆ ұӊ ѐ Ȃ

Compare ḣ Уэ ḣ̆ ֒ ᾗ̆ ‡аֶ  Ȃע

Count ḣ ұ Compare ḣ Ḁ̆Cause ѐ IP[7]ᴁ 1̆

ѐ ᴳ ᾳЮ Уэ ѐ Ȃ ᾗ Compare C̆ause IP[7]ᴁ

ֶ ╟ Ȃ 

Compare

31 031 0

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

Compare [31:0] R/W Count Ȃ Ѭ 

 

3.9.3.11 CP0 12̔Status 

Status Уэ ᾗ ̆ꜛ ҩ ᴐ бѐ ᴳ б

⁸ᶕ Ȃ  

8эѐ ̆ Ю ֒ ̆ѐ ᴳ ̔ 

 ̧ Status ѐ ᴳ ᴁ IE=1 

 ̧ Status ᴿ ᴁ EXL=0 

 ̧ Status ᴁ ERL=0 

 ̧ Debug ᴁ DM=0 

Э ֒ ᾳЮ̆ Status ѐ ᴁ IM[7:0]б Cause ѐ

ᴁ IP[7:0]ѐ ᴁ ѝ 1 ̆‡ Уэѐ Ȃ 

Status CU3-CU0ᴁ ұ ⁸ 4э ̆ эа

̆ Уэ а ᴿ ̕а CU0ᴁ ѝ 1̆ ᾃ Ю CP0

Ȃ 
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31

CU3-CU0 BEV 0 IM7-IM0 0 IE

28 27 23 22 21 16 15 12 0

KSU ERL EXL0

8 7 5 4 3

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

CU [31:28] R/W 

⁸ 4э Ȃ 

0̔ а  

1̔  

а CU0ᴁ ѝ 1 ᾃ̆ Ю CP0 ̕

32 ᴁ ѐ CP1-CP3̆ CU1-CU3

ѝ 0̆ ‡ CP1-3 ѝ а Ȃ 

Ѭ 

0 [27:23] - ̆ ᾗ ѝ 0Ȃ 0x0 

BEV 22 R/W 

⁸ᴿ ὡ Ȃ 

0̔ ὡ  

1̔ ╟ ὡ  

0x1 

0 [21:16] - ̆ ᾗ ѝ 0Ȃ 0x0 

IM [15:8] R/W 

ѐ ᴁ̕ ⁸ Уэ ȁᾃ ֒ѐ

ᴳ ̕ ѐ ᴳ ᾳЮ̆ ѐ ᴁ

IM[7:0]б Cause ѐ ᴁ IP[7:0]ѐ

ᴁ ѝ 1 ̆‡ Уэѐ Ȃ 

0̔ѐ  

1̔ѐ  

Ѭ 

0 [7:5] - ̆ ᾗ ѝ 0Ȃ 0x0 

KSU [4:3] R/W 

ᴐ Ȃ 

00̔ ᾃ  

01̔  

10̔  

11̔ Ѭ 

0x0 

ERL [2] R/W 

̕ ᴁ ̆ ᴁ 1Ȃ 

0̔ ұ  

1̔ ұ  

0x1 

EXL [1] R/W 

ᴿ ̕ ᴁԈ ᴿ ̆

ᴁ 1Ȃ 

0̔ ұᴿ  

1̔ ұᴿ  

Ѭ 

IE [0] R/W 

ὤ ѐ ᴳ ᴁ̕ 

0̔ ѐ  

1̔ᴳ ѐ  

Ѭ 

 

3.9.3.12 CP0 13̔Cause 

Cause ҩ У ᴿ ᴿ ̆ ⁸ ֒ѐ Ȃ 



GSC3281 ᾊ 

ӏא                     Ὠ                34  

31

BD 0 IP 0 0

30 29 28 27 16 15 12 0

ExcCode0

8 7 6

CE

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

BD [31] RO 

У ᴿ ԇ Э̕ 

0̔а ԇ Э 

1̔ ԇ Э 

Ѭ 

0 [30] - ̆ ᾗ ѝ 0Ȃ  

CE [29:28] RO 
а ᴿ а

Ȃ 
Ѭ 

0 [27:16] - ̆ ᾗ ѝ 0Ȃ 0x0 

IP [15:10] RO 

ѐ 1̕ 0̆ Ȃ 

15̔ ѐ  

14̔ ᶑ  

13̔ ᶑ  

12̔ ᶑ  

11̔ ᶑ  

10̔ ѐ ̆ѐ ⁸ ѐ    ᴁ 

Ѭ 

IP [9:8] R/W 

⁸ ֒ѐ Ȃ1 0̆ а Ȃ 

9̔ ֒ѐ 1 

8̔ ֒ѐ 0 

Ѭ 

ExcCode [6:2] RO У ᴿ ᴿ ̆έᴇ 1-10 Ȃ Ѭ 

0 [1:0] - ̆ ᾗ ѝ 0Ȃ 0x0 

 

3-13 Cause ExcCode  

ᴿ  ᴿ ╠  ᴿ  

0 Int ѐ  

1 Mod TLBɡ ᴿ  

2 TLBL load ԇ TLBR  

3 TLBS store ԇ TLBR  

4 AdEL load ԇ ᴿ  

5 AdES store ԇ ᴿ  

6-7 - ᶑ  

8 Sys ᴿ  

9 Bp ᴿ  

10 RI ᶑ ԇᴿ  

11 CpU а ᴿ  

12 Ov  ᴿ  

13 Tr ᴿ  

14-31 - ᶑ  
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3.9.3.13 CP0 14̔EPC 

EPC Уэ ᾗ ̆ꜛ ҩ ᴿ Ѯ ԇ

У ԇ PCḣȂ ᴿ Ḁ̆ ₥ ԇ ᾰͅEPC ╟

Ю ̔ 

 ̧ ᴿ ԇа ԇ ԇ ‡̆ EPC ѝ ᴿ ԇ

PCḣȂ 

 ̧ ᴿ ԇ ԇ ԇ̆‡ EPC ѝ ԇ PCḣ̆

Cause BDᴁ 1Ȃ 

ᴿ ̆ Status EXLᴁѝ 1̆‡ EPC аֶ Ӱת̆

MTC0 ԇᾗὡ ḣȂ 

EPC

31 031 0

 

 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

EPC [31:0] R/W ᴿ ԇ PCḣȂ Ѭ 

 

3.9.3.14 CP0 15̔PRId 

PRId Уэ 32ᴁ ̆ꜛ ҩ б ᶕ Ȃ 

31 16 15 0

REV0

78

IMP

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

0 [31:16] - ̆ ᾗ ѝ 0Ȃ 0x0 

IMP [15:8] RO Ȃ 0x42 

REV [7:0] RO Ȃ 0x0 

 

3.9.3.15 CP0 16̔Config 

Config ꜛ ҩ ў ᶕ ̆ ҩK0 ֒ Ѯ ̆

ὲӹ Ȃ 

31

0 0 IC K0

30 29 28 18 15 12 2 0

0

9 8 6

SC SM DC DBIB

17 16 11 5 4 3

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

0 [31:18] - ̆ ᾗ ѝ 0Ȃ 0x0 

SC [17] RO ү cache̕ 32 ᴁ ѐа ү 0x1 
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cachĕ 1 а Ȃ 

SM [16] RO 
cache dirtyὭӎ ̕32ᴁ ѐ

а cache dirtyὭӎ ̆1 а Ȃ 
0x1 

0 [15:12] - ̆ ᾗ ѝ 0Ȃ 0x0 

IC [11:9] RO 
L1 ԇ cache I̕C ḣѝ 2̆

L1 ԇ cache ѝ 16KBȂ 
0x2 

DC [8:6] RO 
L1 cache ̕DC ḣѝ 2̆

L1 cache ѝ 16KBȂ 
0x2 

IB [5] RO 
L1 ԇ cache cacheline ̕IB ḣѝ 1̆

32 Ȃ 
0x1 

DB [4] RO 
L1 cache cacheline ̕DB ḣѝ 1̆

32 Ȃ 
0x1 

0 [15:12] - ̆ ᾗ ѝ 0Ȃ 0x0 

K0 [2:0] R/W 
kseg0 cache ̕ ḣѝ 0112 ₥ έ

cacheable ̆ὲᴍḣ ѝ uncacheable Ȃ 
0x0 

 

3.9.3.16 CP0 23̔Debug 

Debug ұ ⁸ ᴿ ӊ ̆ ᵏ Ὧ Ю ᴿ

Ю ᴿ ᴿ ᶕ Ȃ 

Ю̆Debug ѐ DMᴁб EJTAGVerᴁ   ḣ̆ ὲӹ

ᴁ ḣ‡   а Ȃ Юа Debug ᾗ ᴐ̆ ‡ ᴐ

а Ȃ 

Debug ѐ Ҿᴁ ᴿ Ю ᴿ ֶ ̆

Ҿᴁ ꜛ ̔ 

 ̧ DSSȁDBpȁDDBLȁDDBSȁDIBȁDINT ᴿ Ю ᴿ

Ȃ 

 ̧ DExcCode Ю ᴿ ̆ ᴿ ὲḣа  ̕

 ̧ DBDᴁ ᴿ Ю ᴿ Ȃ 

31

DBD DM NoDCR LSNM 0 CountDM 0 EJTAGVer

DExcCode NoSSt SSt 0 DINT DIB DDBS DDBL DBp DSS

30 29 28 27 26 25 24 17

14 10

18 15

9 8 7 6 5 4 3 2 1 0

 

 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

DBD [31] RO 

Уэ ᴿ Ю ᴿ

ԇ ѐȂ 

0̔ ԇ ѐ 

1̔ ԇ ѐ 

Ѭ 

DM [30] RO ₥ ᴐ ЮȂ 0x0 
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ᴁ  ᴁ ᾗ ╖  ᴁḣ 

0̔ ᴐ Ю 

1̔ ᴐ Ю 

NoDCR [29] RO 

dseg Ȃ 

0̔dseg  

1̔dseg а  

0x0 

LSNM [28] R/W 

⁸ load/store ԇ dseg

dseg ў ẏ Ȃ 

0̔load/store ԇ dseg  

1̔load/store ԇ ў ẏ  

0x0 

0 [27:26] - ̆ ᾗ ѝ 0Ȃ 0x0 

CountDM [25] R/W 

⁸ Count Ю Ȃ 

0̔Count Юṃ  

1̔Count Ю  

0x1 

0 [24:18] - ̆ ᾗ ѝ 0Ȃ 0x0 

EJTAGVer [17:15] RO EJTAG ̕ EJTAG ѝ 2.62Ȃ 0x2 

DExcCode [14:10] RO 
У Юᴿ ᴿ ̕

ḣб Cause ѐ ExcCode ḣ Ȃ 
Ѭ 

NoSSt [9] RO 

╖ Ȃ 

0̔ ╖  

1̔а ╖  

0x0 

SSt [8] R/W 

⁸ Ю ᴳ ╖ Ȃ 

0̔аᴳ  

1̔ᴳ  

0x0 

0 [7:6] - ̆ ᾗ ѝ 0Ȃ 0x0 

DINT 5 RO 

ҩ ѐ ̕ Ю ᴿ

ᴁ ╟ Ȃ 

0̔ ѐ  

1̔ ҩ ѐ  

Ѭ 

DIB 4 RO 

ҩ ԇ ֒ ̕ Ю

ᴿ ᴁ ╟ Ȃ 

0̔ ԇ ֒  

1̔ ҩ ԇ ֒  

Ѭ 

DDBS 3 RO 

ҩ store ԇ ֒ ̕

Ю ᴿ ᴁ ╟ Ȃ 

0̔ store ԇ ֒  

1̔ ҩ store ԇ ֒  

Ѭ 

DDBL 2 RO 

ҩ load ԇ ֒ ̕

Ю ᴿ ᴁ ╟ Ȃ 

0̔ load ԇ ֒  

1̔ ҩ load ԇ ֒  

Ѭ 

DBp 1 RO 

ҩ ԇ ̕ Ю

ᴿ ᴁ ╟ Ȃ 

0̔ ԇ  

Ѭ 
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ᴁ  ᴁ ᾗ ╖  ᴁḣ 

1̔ ҩ ԇ  

DSS 0 RO 

ҩ ᴿ ̕ Ю

ᴿ ᴁ ╟ Ȃ 

0̔ ᴿ  

1̔ ҩ ᴿ  

Ѭ 

 

3.9.3.17 CP0 24̔DEPC 

DEPC Уэ ᾗ ̆ꜛ ҩ ᴿ Ѯ ԇ

У ԇ PCḣȂ ᴿ Ḁ̆ ₥ ԇ ᾳ D̆EPC ╟

Ю ̔ 

 ̧ ᴿ ԇа ԇ ԇ̆‡ DEPC ѝ ᴿ

ԇ PCḣȂ 

 ̧ ᴿ ԇ ԇ ԇ ‡̆ DEPC ѝ ԇ PC

ḣ̆ Debug DBDᴁ 1Ȃ 

ᴿ ̆ Status EXLᴁѝ 1̆‡ DEPC аֶ Ӱת̆

MTC0 ԇᾗὡ ḣȂ 

DEPC

31 031 0

 

 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

DEPC [31:0] R/W ᴿ ԇ PCḣȂ Ѭ 

3.9.3.18 CP0 28̔TagLo 

TagLo ᴐ cache c̆ache ԇ TagLo Ԉ

cache ᶕ Ȃ 

31 8 7 0

0TagLo

56

state0

28 27

 
 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

0 [31:28] - ̆ ᾗ ѝ 0Ȃ 0x0 

TagLo [27:8] R/W cache ᶕ Ȃ Ѭ 

state [7:6] R/W 
cache ᶕ ̆ḣ 112 cache ̆ὲӹ

ḣ Ȃ 
Ѭ 

0 [5:0] - ̆ ᾗ ѝ 0Ȃ 0x0 
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3.9.3.19 CP0 29̔TagHi 

TagHi ₥ έᴇ ⁸╖ ̆ ұᵳ Ȃ 

TagHi

31 031 0

 

 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

TagHi [31:0] R/W ұᵳ  Ѭ 

 

3.9.3.20 CP0 30̔ErrorEPC 

ErrorEPC ұ ᶑ ᴿ ԇ PCḣ ת̆ GSC3281 32ᴁ

ұ ᾳ ҩ ̆аᾋԈУэľ Ŀ  ErrorEPC

ѐ̆ ErrorEPC ᴐᵳ Ȃ 

ErrorEPC

31 031 0

 

 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

ErrorEPC [31:0] R/W ұᵳ  Ѭ 

 

3.9.3.21 CP0 31̔DeSave 

DeSave Уэ 32ᴁ ᾗ ̆ ᴿ ѐ ᴐᶑ ї

ѐ ᵳ ̆ӱ ᴳ ֒аֶ Ȃ 

DeSave

31 031 0

 

 

ᴁ  ᴁ ᾗ ╖  ᴁḣ 

DeSave [31:0] R/W ᴿ ᵳ Ȃ Ѭ 

 

3.10 Э  

32ᴁ Ἱ IEEE P1149.1 JTAG ̂TAP̃̆

ᾃ ╗ ⁸ ̆ ҩ ֒ ȁ ѐ ȁ ֒ Ԉ Э

╖ ̆ ў У JTAG Ԉ ᾃ

̆ ⁸ ̆ ᵳҩ ֒ б Ȃ ᵏ
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֒ ꜛѐ̆ ꜛ б Э ╖ Ȃ 

32ᴁ Э ╖ EJTAG R2.62 ̆ў ꜛ Ю ╖ ̔ 

 ̧ Off-board ẏ ╖ ̔ ұ Ю̆ἵ TAP ӱ Ѯ

б ᾗ ̆  ж  ѐ̆

ẏ У Ȃ 

 ̧ TAP ̔ ў Ԉ TAP ᶕ Ԉ ᾃ

̆ ⁸ Ȃ 

 ̧ ֒ ̔ ֒ ԇ̆ Ԉ ὡ ӱ̆ ἵ

ў RAMּ֗ש ὡ Ȃ 

 ̧ ֒ ̔ꜛ ԇ ֒ ȁа ḣ ֒ ḣ

֒ ̆ ֒ ̆ Ԉ ᵳ ֗ ԇ Ԉ ᴐ Ȃ 

 ̧ ἵ̔ ѐ У ԇ̆ заֶ ẏ Ȃ 

 ̧ ѐ ̔ ў TAP Ԉ ᴳ ὡ

Ȃ 

 ̧ EJTAGBOOT ╟ ̔ἵ ᴁѮ ὡ

УҾ б ע ᴐȂ 

3.11 ԇ  

3.11.1 ԇ  

3.11.1.1 ԇ  

ԇᴁ ѝ 32ᴁ̆ ̆ ԇ ԈѝЬ ̔

̂I ȁ̃ ̂J ̃б ̂R ̃̆ 3-16 Ȃ 

op rs rt immediate

31 26 25 21 20 16 15 0

I- ̂ ̃

op target

31 26 0

J- ̂ ̃
25

op rs rt funct

31 26 25 21 20 16 15 0

R- ̂ ̃

rd sa

11 10 6 5

6ᴁ ᴐ

5ᴁ

5ᴁ ̂ / ̃

֒ ֒

16ᴁ ̆ ֒ Ḷ

Ḷ

26ᴁ

5ᴁ

5ᴁ ᴁ

6ᴁ╖

op

rs
rt

immediate

target

rd

sa

funct

 

3-16 ԇ  
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3.11.1.2 ԇ 

ԇ̂load/store ԇ̃ ұ I ԇ ̆ ұ ẏ б

Ѯ ̆ У ѝ ╗ 16ᴁ Ḷ Ȃ

̆ 8 ᴁȁ16 ᴁȁ32 ᴁ Ԉ 32

ᴁ Ȃ 

Ὧ ԇ ѐ̆G ҩУҾ ȁ

  ̆ Ҿ  3-14 Ȃ 

3-14 ԇ ᴳ     

    

AddressTranslation 
TLB ̆ ╖ ‡̆  ̆

а ╖̆‡ӊ ᴿ Ȃ 

LoadMemory 
ӱ cache ᾃ ѐ ̆ ᴂч

ᴁԈ ᾱ ҩУэ э ѐ Ҿ Ȃ 

StoreMemory 
cache ᾃ ѐᾗὡ ̆ ᴂч

ᴁԈ ᾱ ҩУэ э ѐ Ҿ ᾗὡȂ 

3.11.1.3 ԇ 

ԇ ч R б I ч ԇ ̆ R ԇ

ԇѐ̆чэ ᴐ ұ ̆ I ԇ ԇѐ̆Уэ ᴐ ұ

̆ Уэ ᴐ ѝ 16ᴁ Ȃ 

ԇ Ԉ Ю ᴐ̔ 

 ̧  

 ̧  

 ̧ ᴁ  

 ̧ ѻ  

 ̧  

3.11.1.4 ԇ 

ԇꜛ ԇб ֒ ԇч ̆ ԇ У

ԇ ѝ ԇ (delay slot) ԇ̆ ԇ У ԇ̕

У ԇ ̆ ҩ likely ֒ ԇ ̆ ὲӹ ԇ

ԇ ֶ ̆ а ԇ ╖Ȃ 

ѐ   ԇ ү̆ ѝ J

ԇ̆ J ԇѐ̆ ԇѐ 26ᴁ чᴁ̆ ᴁб ₥ ԇ PC 4

ᴁ Ȃ 

  ȁ Ԉ ᾳ  ԇԈ

 ԇ ү̆ ѝ R ԇ̆ ѐ

32ᴁ ḣ Ȃ 

֒ ԇ ԇPCб 16ᴁḶ чᴁ ╗ Ȃ ұ likely

֒ ԇ ̆ а ╖̆‡ ԇаֶ ̕а ╖̆
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ὲӹ ԇ ԇ У ֶ Ȃ 

3.11.1.5 ⁸ ԇ 

⁸ ԇў ꜛ ԇȁ ԇȁ ԇȁcache ԇԈ

֭ ԇ Ȃ 

3.11.1.6 ԇ 

Уэ ⁸ ̂CP0̃̆ ԇ ұ CP0

ᴐԈ ẏ бᴿ Ȃ 

3.11.2 ԇ  

3-15Ԉ ҩ ὤ ԇȂ 

3-15 ԇ  

ԇ  ԇ  ԇ╖  

ADD ╗ Rd = Rs + Rt 

ADDI б ╗ Rt = Rs + Immed 

ADDIU б ╗ Rt = Rs + UImmed 

ADDU ╗ Rd = Rs + URt 

AND б Rd = Rs & Rt 

ANDI б б ᴐ Rt = Rs & (016 || Immed)  

BEQ ‡  if (Rs == Rt) PC += (int)offset 

BEQL ‡  

if (Rs == Rt)  

PC += (int)offset 

else 

  ignore next instruction 

BGEZ ұ ұ 0‡  if (!Rs[31]) PC += (int)offset 

BGEZAL ұ ұ 0‡  
GPR[31] = PC + 8 

if (!Rs[31]) PC += (int)offset 

BGEZALL ұ ұ 0 ‡  

GPR[31] = PC + 8 

if (!Rs[31])  

PC += (int)offset 

else 

  ignore next instruction 

BGEZL ұ ұ 0‡  

if (!Rs[31])  

PC += (int)offset 

else 

  ignore next instruction 

BGTZ ұ 0‡  if (!Rs[31] && Rs!=0) PC += (int)offset 

BGTZL ұ 0‡  
if (!Rs[31] && Rs!=0)  

PC += (int)offset 
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ԇ  ԇ  ԇ╖  

else 

  ignore next instruction 

BLEZ ұ ұ 0‡  if (Rs[31] || Rs==0) PC += (int)offset 

BLEZL ұ ұ 0‡  

if (Rs[31] || Rs==0)  

PC += (int)offset 

else 

  ignore next instruction 

BLTZ ұ 0‡  if (Rs[31]) PC += (int)offset 

BLTZAL ұ 0‡  
GPR[31] = PC + 8 

if (Rs[31]) PC += (int)offset 

BLTZALL ұ 0‡  

GPR[31] = PC + 8 

if (Rs[31])  

PC += (int)offset 

else 

  ignore next instruction 

BLTZL ұ 0‡  

if (Rs[31])  

PC += (int)offset 

else 

  ignore next instruction 

BNE а ‡  if (Rs != Rt) PC += (int)offset 

BNEL а ‡  

if (Rs != Rt)  

PC += (int)offset 

Else 

  ignore next instruction 

BREAK  breakᴿ  

CACHE cache ᴐ cache ᴐ̆ ԇ  

DERET ᴿ  
PC = DEPC 

   

DIV  
LO = (int)Rs / (int)Rt 

HI = (int)Rs % (int)Rt 

DIVU  
LO = (uns)Rs / (uns)Rt 

HI = (uns)Rs / (uns)Rt 

ERET ᴿ  

if (SR[2]) 

  PC = ErrorEPC 

else 

  PC = EPC 

SR[1] = 0 

SR[2] = 0 

LL = 0 

J  PC = PC[31:28] || (offset << 2) 

JAL  
GPR[31] = PC + 8 

PC = PC[31:28] || (offset << 2) 

JALR   Rd = PC + 8 
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ԇ  ԇ  ԇ╖  

PC = Rs 

JR   PC = Rs 

LB Уэ  Rt = (byte)mem[Rs + offset] 

LBU Уэ  Rt = (ubyte)mem[Rs + offset] 

LH Уэ  Rt = (half)mem[Rs + offset] 

LHU Уэ  Rt = (uhalf)mem[Rs + offset] 

LL Уэ  

Rt = mem[Rs + offset] 

LL = 1 

LLAddr = Rs + offset 

LUI Уэ   Rt = immediate << 16 

LW Уэ  Rt = mem[Rs + offset] 

LWL Уэ   ̆ ԇ  

LWR Уэ   ̆ ԇ  

MFC0 ӱ 0  Rt = CP0[rd] 

MFHI ӱ HI  Rd = HI 

MFLO ӱ LO  Rd = LO 

MTC0 0  CP0[rd] = Rt 

MTHI HI  HI = Rs 

MTLO LO  LO = Rs 

MULT ѻ  HI || LO = (int)Rs * (int)Rd 

MULTU ѻ  HI || LO = (uns)Rs * (uns)Rd 

NOR ᴐ Rd = ~ (Rs | Rt) 

OR ᴐ Rd = Rs | Rt 

ORI бУэ ᴐ Rt = Rs | immediate 

SB ẏУэ  (byte)mem[Rs + offset] = Rt 

SC ֒ ẏУэ  
if (LL = 1) mem[Rs + offset] = Rt 

Rt = LL 

SDBBP ֒  ֒ ᴿ  

SH ẏУэ  (half)mem[Rs + offset] = Rt 

SLL  Rd = Rt << sa 

SLLV ᴁ  Rd = Rt << Rs[4:0] 

SLT ұ‡ ᴁ 

if ((int)Rs < (int)Rt) 

  Rd = 1 

else 

  Rd = 0 

SLTI ұ ‡ ᴁ 

if ((int)Rs < (int)immediate) 

  Rt = 1 

else 

  Rt = 0 

SLTIU ұ ‡ ᴁ 

if ((uns)Rs < (uns)immediate) 

  Rt = 1 

else 
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ԇ  ԇ  ԇ╖  

  Rt = 0 

SLTU ұ‡ ᴁ 

if ((uns)Rs < (uns)Rt) 

  Rd = 1 

else 

  Rd = 0 

SRA  Rd = (int) Rt >> sa 

SRAV ᴁ  Rd = (int) Rt >> Rs[4:0] 

SRL  Rd = (uns) Rt >> sa 

SRLV ᴁ  Rd = (uns) Rt >> Rs[4:0] 

SUB ῏  Rt = (int)Rs ς (int)Rd 

SUBU ῏  Rt = (uns)Rs ς (uns)Rd 

SW ẏУэ  mem[Rs + offset] = Rt 

SWL ẏУэ ᵛ  ẏ ̆ ԇ  

SWR ẏУэ ᵛ  ẏ ̆ ԇ  

SYNC  ԇ  

SYSCALL  ᴿ  

TEQ ‡  if ((int)Rs = (int)Rt) TrapException 

TEQI б ‡  if ((int)Rs = (int)immediate) TrapException 

TGE ұ ұ‡  if ((int)Rs >= (int)Rt) TrapException 

TGEI ұ ұ ‡  if ((int)Rs >= (int)immediate) TrapException 

TGEIU ұ ұ ‡  if ((uns)Rs >= (uns)immediate) TrapException 

TGEU ұ ұ‡  if ((uns)Rs >= (uns)Rt) TrapException 

TLBP TLB  ԇ  

TLBR TLB  ԇ  

TLBWI TLB ᾗ ԇ  

TLBWR TLB ᾗ ԇ  

TLT ұ‡  if ((int)Rs < (int)Rt) TrapException 

TLTI ұ ‡  if ((int)Rs < (int)immediate) TrapException 

TLTIU ұ ‡  if ((uns)Rs < (uns)immediate) TrapException 

TLTU ұ‡  if ((uns)Rs < (uns)Rt) TrapException 

TNE а ұ‡  if (Rs != Rt) TrapException 

TNEI а ұ ‡  if (Rs != (int)immediate) TrapException 

WAIT  ὡ֭  

XOR  Rd = Rs ^ Rt 

XORI б  Rt = Rs ^ (uns)immediate 
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3.11.3 ԇ  

3.11.3.1 ADD 

ADD Add ADD 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

ADD 

100000 

6 5 5 5 5 6 

̔ADD rd, rs, rt 

̔ 

rs ḣб rt ḣ ╗̆  rdѐȂ ╗

30ᴁб 31ᴁ ᴁ  ḣа ̂ 2  ̃̆ ‡ӊ Уэ  ᴿ ̆

rd ḣаֶ Ȃ 

ᴐ̔ 

 T: GPR[rd] ă GPR[rs] + GPR[rt] 

ᴿ ̔ 

  ᴿ  

3.11.3.2 ADDI 

ADDI Add Immediate ADDI 

31       26 25       21 20       16 15                          0 

ADDI 

001000 
rs rt immediate 

6 5 5  16  

̔ADDI rt, rs, immediate 

̔ 

16ᴁ ḣб rs ḣ ╗̆  rt ѐȂ

╗ 30ᴁб 31ᴁ ᴁ  ḣа ̂ 2  ̃̆ ‡ӊ Уэ

 ᴿ ̆ rt ḣаֶ Ȃ 

ᴐ̔ 

 T: GPR[rt] ă GPR[rs] + (immediate15)
16 || immediateмрΧл 

ᴿ ̔ 

  ᴿ  

3.11.3.3 ADDIU 

ADDIU Add Immediate Unsigned ADDIU 
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31       26 25       21 20       16 15                          0 

ADDIU 

001001 
rs rt immediate 

6 5 5  16  

̔ADDIU rt, rs, immediate 

̔ 

16ᴁ ḣб rs ḣ ╗̆  rt ѐȂ 

ADDIU ԇб ADDI ԇ а Ѯ ұ ADDIU ԇаֶӊ  ᴿ Ȃ 

ᴐ̔ 

 T: GPR[rt] ă GPR[rs] + (immediate15)
16 || immediate 15Χ0 

ᴿ ̔ 

  

3.11.3.4 ADDU 

ADDU Add Unsigned ADDU 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

ADDU 

100001 

6 5 5 5 5 6 

̔ADDU rd, rs, rt 

̔ 

rs ḣб rt ḣ ╗̆  rdѐȂADDU

ԇ ֗ᴉ ֒Ю аֶӊ  ᴿ Ȃ 

ADDU ԇб ADD ԇ а Ѯ ұ ADDU ԇаֶӊ  ᴿ Ȃ 

ᴐ̔ 

 T: GPR[rd] ă GPR[rs] + GPR[rt] 

ᴿ ̔ 

  

3.11.3.5 AND 

AND And AND 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

AND 

100100 

6 5 5 5 5 6 

̔AND rd, rs, rt 

̔ 

rs ḣб rt ḣ ᴁ ľбĿ ̆ 

rdѐȂ 
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ᴐ̔ 

 T: GPR[rd]ăGPR[rs] and GPR[rt] 

ᴿ ̔ 

  

3.11.3.6 ANDI 

ANDI And Immediate ANDI 

31       26 25       21 20       16 15                           0 

ANDI 

001100 
rs rt immediate 

6 5 5  16  

̔ANDI rt, rs, immediate 

̔ 

16ᴁ б rs ḣ ᴁ ľбĿ ̆ 

rt ѐȂ 

ᴐ̔ 

 T: GPR[rt] ă 016 || (immediate and GPR[rs]15...0) 

ᴿ ̔ 

  

3.11.3.7 BEQ 

BEQ Branch On Equal BEQ 

31       26 25       21 20       16 15                           0 

BEQ 

000100 
rs rt offset 

6 5 5  16  

̔BEQ rs, rt, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ḣб rt ḣ ̆ ̆‡ У ԇ

Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs] = GPR[rt]) 

T+1: if condition then 

              PC ă PC + target 

endif 

ᴿ ̔ 
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3.11.3.8 BEQL 

BEQL Branch On Equal Likely BEQL 

31       26 25       21 20       16 15                           0 

BEQL 

010100 
rs rt offset 

6 5 5  16  

̔BEQL rs, rt, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ḣ rt ḣ ̆ ̆‡ У ԇ

Ȃ ̆‡ᴳ ԇ Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs] = GPR[rt]) 

T+1: if condition then 

              PC ă PC + target 

else 

NullifyCurrentInstruction 

endif 

ᴿ ̔ 

  

3.11.3.9 BGEZ 

BGEZ 
Branch On Greater Than 

Or Equal To Zero 
BGEZ 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

BGEZ 

00001 
offset 

6 5 5  16  

̔BGEZ rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ᴁ ұľ Ŀ̆ ‡ У ԇ Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 0]) 

T+1: if condition then 

              PC ă PC + target 

endif 

ᴿ ̔ 
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3.11.3.10 BGEZAL 

BGEZAL 
Branch On Greater Than 

Or Equal To Zero And Link 
BGEZAL 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

BGEZAL 

10001 
offset 

6 5 5  16  

̔BGEZAL rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ ̆

ԇ ЮУ ԇ ֒ ᶑ  r31ѐȂ rs

ᴁ ұľ Ŀ̆ ‡ У ԇ Ȃ rsа r31

̆ ‡ᾋ ԇ   а Ȃ У ̆   ᾰͅ

̆ ὁ  ᾳȂ 

ᴐ̔ 

 T:  target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 0]) 

        GPR[31] ă PC + 8 

T+1: if condition then 

              PC ă PC + target 

endif 

ᴿ ̔ 

  

3.11.3.11 BGEZALL 

BGEZALL 
Branch On Greater Than 

Or Equal To Zero 

And Link Likely 

BGEZALL 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

BGEZALL 

10011 
offset 

6 5 5  16  

̔BGEZALL rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ ̆

ԇ ЮУ ԇ ֒ ᶑ  r31ѐȂ rs

ᴁ ұľ Ŀ̆ ‡ У ԇ Ȃ rsа r31

̆ ‡ᾋ ԇ   а Ȃ У ̆   ᾰͅ

̆ ὁ  ᾳȂ ̆‡ᴳ ԇ Ȃ 
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ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 0]) 

        GPR[31] ă PC + 8 

T+1: if condition then 

              PC ă PC + target 

    else 

NullifyCurrentInstruction 

endif 

ᴿ ̔ 

  

3.11.3.12 BGEZL 

BGEZL 
Branch On Greater 

Than Or Equal To Zero Likely 
BGEZL 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

BGEZL 

00011 
offset 

6 5 5  16  

̔BGEZL rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ᴁ ұľ Ŀ̆ ‡ У ԇ Ȃ

̆‡ᴳ ԇ Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 0) 

T+1: if condition then 

              PC ă PC + target 

else 

NullifyCurrentInstruction 

endif 

ᴿ ̔ 

  

3.11.3.13 BGTZ 

BGTZ Branch On Greater Than Zero BGTZ 

31       26 25       21 20       16 15                           0 

BGTZ 

000111 
rs 

0 

00000 
offset 
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6 5 5  16  

̔BGTZ rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ḣбľ Ŀ ̆ rs ᴁ ұľ Ŀ ὲᴍᴁа ұľ Ŀ̆ ‡

У ԇ Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 0) and (GPR[rs] Ŭ 032) 

T+1: if condition then 

              PC ă PC + target 

endif 

ᴿ ̔ 

  

3.11.3.14 BGTZL 

BGTZL 
Branch On Greater 

Than Zero Likely 
BGTZL 

31       26 25       21 20       16 15                           0 

BGTZL 

010111 
rs 

0 

00000 
offset 

6 5 5  16  

̔BGTZL rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ḣбľ Ŀ ̆ rs ᴁ ұľ Ŀ ὲᴍᴁа ұľ Ŀ̆ ‡

У ԇ Ȃ ̆‡ᴳ ԇ Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 0) and  (GPR[rs] Ŭ 032) 

T+1: if condition then 

              PC ă PC + target 

else 

NullifyCurrentInstruction 

endif 

ᴿ ̔ 

  

3.11.3.15 BLEZ 

BLEZ 
Branch On Less Than 

Or Equal To Zero 
BLEZ 
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31       26 25       21 20       16 15                           0 

BLEZ 

000110 
rs 

0 

00000 
offset 

6 5 5  16  

̔BLEZ rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ḣбľ Ŀ ̆ rs ᴁѝľУĿ rs ḣѝľ Ŀ̆ ‡

У ԇ Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 1) or (GPR[rs] = 032) 

T+1: if condition then 

              PC ă PC + target 

endif 

ᴿ ̔ 

  

3.11.3.16 BLEZL 

BLEZL 
Branch on Less Than 

Or Equal To Zero Likely 
BLEZL 

31       26 25       21 20       16 15                           0 

BLEZL 

010110 
rs 

0 

00000 
offset 

6 5 5  16  

̔BLEZL rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ḣбľ Ŀ ̆ rs ᴁѝľУĿ rs ḣѝľ Ŀ̆ ‡

У ԇ Ȃ ̆‡ᴳ ԇ Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 1) or (GPR[rs] = 032) 

T+1: if condition then 

              PC ă PC + target 

else 

NullifyCurrentInstruction 

endif 

ᴿ ̔ 
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3.11.3.17 BLTZ 

BLTZ Branch On Less Than Zero BLTZ 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

BLTZ 

00000 
offset 

6 5 5  16  

̔BLTZ rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ᴁѝľУĿ̆ ‡ У ԇ Ȃ 

ᴐ̔ 

 T:  target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 1) 

T+1: if condition then 

              PC ă PC + target 

endif 

ᴿ ̔ 

  

3.11.3.18 BLTZAL 

BLTZAL 
Branch On Less 

Than Zero And Link 
BLTZAL 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

BLTZAL 

10000 
offset 

6 5 5  16  

̔BLTZAL rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ ̆

ԇ ЮУ ԇ ֒ ᶑ  r31ѐȂ rs

ᴁѝľУĿ̆‡ У ԇ Ȃ rsа r31 ̆

‡ᾋ ԇ   а Ȃ У ̆   ᾰͅ

̆ ὁ  ᾳȂ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 1) 

GPR[31] ă PC + 8 

T+1: if condition then 

              PC ă PC + target 

endif 
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ᴿ ̔ 

  

3.11.3.19 BLTZALL 

BLTZALL 
Branch On Less 

Than Zero And Link Likely 
BLTZALL 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

BLTZALL 

10010 
offset 

6 5 5  16  

̔BLTZALL rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ ̆

ԇ ЮУ ԇ ֒ ᶑ  r31ѐȂ rs

ᴁѝľУĿ̆‡ У ԇ Ȃ rsа r31 ̆

‡ᾋ ԇ   а Ȃ У ̆   ᾰͅ

̆ ὁ  ᾳȂ ̆‡ᴳ ԇ Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 1) 

GPR[31] ă PC + 8 

T+1: if condition then 

              PC ă PC + target 

else 

NullifyCurrentInstruction 

endif 

ᴿ ̔ 

  

3.11.3.20 BLTZL 

BLTZL Branch On Less Than Zero Likely BLTZL 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

BLTZL 

00010 
offset 

6 5 5  16  

̔BLTZL rs, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ᴁѝľУĿ̆ ‡ У ԇ Ȃ

̆‡ᴳ ԇ Ȃ 
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ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs]31 = 1) 

T+1: if condition then 

              PC ă PC + target 

else 

NullifyCurrentInstruction 

endif 

ᴿ ̔ 

  

3.11.3.21 BNE 

BNE Branch On Not Equal BNE 

31       26 25       21 20       16 15                           0 

BNE 

000101 
rs rt offset 

6 5 5  16  

̔BNE rs, rt, offset 

̔ 

ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ḣб rt ḣ ̆ ү а ̆‡ У ԇ

Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs] Ŭ GPR[rt]) 

T+1: if condition then 

              PC ă PC + target 

endif 

ᴿ ̔ 

  

3.11.3.22 BNEL 

BNEL Branch On Not Equal Likely BNEL 

31       26 25       21 20       16 15                           0 

BNEL 

010101 
rs rt offset 

6 5 5  16  

̔BNEL rs, rt, offset 

̔ 
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ԇ б 16ᴁḶ 2ᴁ ḣ ╗ Ȃ

rs ḣб rt ḣ ̆ ү а ̆‡ У ԇ

Ȃ ̆‡ᴳ ԇ Ȃ 

ᴐ̔ 

 T:   target ă (offset15)
14 || offset || 0 2 

         condition ă (GPR[rs] Ŭ GPR[rt]) 

T+1: if condition then 

              PC ă PC + target 

else 

NullifyCurrentInstruction 

endif 

ᴿ ̔ 

  

3.11.3.23 BREAK 

BREAK Breakpoint BREAK 

31       26 25                                   6  5           0 

SPECIAL 

000000 
code 

BREAK 

001101 

6    20     6 

̔BREAK 

̔ 

BREAK ԇ ᴿ ̆ ֒ ᴿ Ȃ 

code ұ ּ֒ ̆ ᴿ ѐ ԇ ḣ code Ȃ 

ᴐ̔ 

 T: BreakpointException 

ᴿ ̔ 

 ᴿ  

3.11.3.24 CACHE 

CACHE Cache CACHE 

31       26 25       21 20       16 15                           0 

CACHE 

101111 
base op offset 

6 5 5  16  

̔CACHE op, offset(base) 

̔ 

 16ᴁ Ḷ ̆ б base ḣ ╗ ̆

ӊ ̆ Э ҷᴁ op cache ᴐȂ 
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 Ю̆ Status CP0G ᴁѝľ Ŀ̆ ‡ CACHE

ԇ Уэ а ᴿ Ȃ 32ᴁ ѐ̆ CACHE ԇ Ю ү

ѐ ‟ѡ ᾳ ᴐ̆‡ ᴐ а Ȃ 

 32ᴁ ᴳ [11:5]ᴁ cache ̆ У cacheѐέᴇ

э cache ᴐȂ 

 CACHE ԇ cacheѐ ѐ̆‡ cache ᴐ̕ cache

ѐа ѐ̆ а ֗ᴉ ᴐȂ 

 CACHE ԇ Уэᾗ ᴐ ̆ ұ 32ᴁ аꜛ ү cachĕ У

cache ᾗ ᾃ ѐȂ 

 CACHE ԇ cache ᴐ TLB ᴿ TLB ᴿ Ȃ ұ

а б cache cache ᴐ̆ Ԉᴳ unmapped cachĕ

ӱ ὁӊ TLBR Ȃ ̆CACHE ԇаֶ TLBɡ ᴿ Ȃ 

 CACHE ԇ [17:16]ᴁ ұ ѐ Уэ cache ᴐ̆ Ю Ȃ 

CACHE ԇ [17:16]ᴁ  cache 

0 I У ԇ cache 

1 D У cache 

2 Reserved - 

3 Reserved - 

 

 CACHE ԇ [20:18]ᴁ ұ ӣѫ cache ᴐ̆ Ю Ȃ 

CACHE ԇ

[20:18]ᴁ 
cache ᴐ  ᴐ  

0 I 
Index 

Invalidate 
cache ᴁ ѝ Ȃ 

0 D 

Index 

Writeback 

Invalidate 

У cachĕ

cache ᴁԈ ᾗ ᴁ̂W ᴁ̃̆

cache ᴁѝ зWᴁѝľУĿ̆

‡ cache ᾗ ᾃ ѐ̆ᾗ

ұ cache ̂tag̃ Ȃ ̆ ₥ cache

ᴁ ѝ ̆Wᴁᶑ а Ȃ 

1 D 
Index Load 

Tag 

У cachĕ

cache ̂tag̃ ḣ ὡ TagLo ѐȂ 

2 D 
Index Store 

Tag 

У cachĕ TagLo

ḣᾗὡ cache ̂tag̃ ѐȂ 

4 D 
Hit 

Invalidate 

У cachĕ

ѐ̆‡ cache ᴁ ѝ Ȃ 

5 D 

Hit 

Writeback 

Invalidate 

У cachĕ

ѐ̆ з cache WᴁѝľУĿ̆‡ cache

ᾗ ᾃ ѐ̆ ᴁ ѝ Ȃ 

  

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15Χ0) + GPR[base] 

  (pAddr, uncached) ă AddressTranslation(vAddr, DATA) 

  CacheOp(op, vAddr, pAddr) 
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ᴿ ̔ 

 а ᴿ  

3.11.3.25 DERET 

DERET Debug Exception Return DERET 

31       26 25  24                           6  5           0 

COP0 

010000 

CO 

1 

0 

000 0000 0000 0000 0000 

DERET 

011111 

6           19   6  

̔DERET 

̔ 

DERET ԇ Ԉӱ ᴿ ѐ ̆ ᴐ ѝ ᴿ

Ѯ₥ Ȃб ֒ Ԉ ԇ ̆ERET ԇ ЮУ ԇаֶ

Ȃ 

LL ԇ SC ԇѮ DERET ԇаֶᴳ SC ԇ Ȃ 

ᴐ̔ 

 T: if DebugDM = 1 then 

   DebugDM ă 0 

PC ă DEPC 

else 

UNDEFINED 

ᴿ ̔ 

 а ᴿ  

3.11.3.26 DIV 

DIV Divide DIV 

31       26 25       21 20       16 15           6 5         0 

SPECIAL 

000000 
rs rt 

0 

00 0000 0000 

DIV 

011010 

6 5 5  10 6 

̔DIV rs, rt 

̔ 

rs rt ṁ 2 ̆ὲѐ rs ḣѝ Ȃ ֗ᴉ ᾳЮ ԇ

аֶӊ  ᴿ ̆ ұľ Ŀ̆ ‡ а Ȃ 

ԇѮ ̆ УҾ ԇ Ԉ ѝľ ĿԈ  Ȃ 

ԇ Ѯ ̆ ᶑ  LOѐ̆ᴍ ᶑ  HIѐȂ 

ᴐ̔ 

T: LO ă GPR[rs] div GPR[rt] 

HI ă GPR[rs] mod GPR[rt] 
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ᴿ ̔ 

  

3.11.3.27 DIVU 

DIVU Divide Unsigned DIVU 

31       26 25       21 20       16 15           6 5         0 

SPECIAL 

000000 
rs rt 

0 

00 0000 0000 

DIVU 

011011 

6 5 5   10 6 

̔DIVU rs, rt 

̔ 

rs rt ṁ ̆ὲѐ rs ḣѝ Ȃ ֗ᴉ ᾳЮ

ԇ аֶӊ  ᴿ ̆ ұľ Ŀ̆ ‡ а Ԉ Ȃ 

ԇѮ ̆ УҾ ԇ Ԉ ѝľ ĿԈ  Ȃ 

ԇ Ѯ ̆ ᶑ  LOѐ̆ᴍ ᶑ  HIѐȂ 

ᴐ̔ 

T: LO ă (0 || GPR[rs]) div (0 || GPR[rt]) 

HI ă (0 || GPR[rs]) mod (0 || GPR[rt])  

ᴿ ̔ 

  

3.11.3.28 ERET 

ERET Exception Return ERET 

31       26 25  24                           6  5           0 

COP0 

010000 

CO 

1 

0 

000 0000 0000 0000 0000 

ERET 

011000 

6           19   6  

̔ERET 

̔ 

ERET Ԉӱѐ ȁR ѐ Ȃб ֒ Ԉ ԇ ̆

ERET ԇ ЮУ ԇаֶ Ȃ 

ERET ԇ а ԇ ѐȂ 

ӱ ѐ ̂SR2 = 1̃ ̆‡ PC ѝ ErrorEPC ḣ̆

з Status ERLᴁ̂SR2̃̕ ‡̂SR2=0̃PC ѝ EPC ḣ̆ з

Status ERLᴁ̂SR1 Ȃ̃ 

LL ԇ SC ԇѮ ERET ԇֶᴳ SC ԇ Ȃ 

ᴐ̔ 

 T:  if SR2 = 1 then 

PC ă ErrorEPC 
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SR ă SR31...3 || 0 || SR 1...0 

else 

PC ă EPC 

SR ă SR31...2 || 0 || SR 0 

endif 

LLbit ă 0 

ᴿ ̔ 

 а ᴿ  

3.11.3.29 J 

J Jump J 

31       26 25                                        0 

J 

000010 
target 

6   26   

̔J target 

̔ 

26ᴁ чᴁ̆ б ԇ ᴁ ӊ 32ᴁ Ȃ 

У ԇ ֒  Ȃ 

ᴐ̔ 

T:   temp ă target 

T+1: PC ă PC31...28 || temp || 0 2 

ᴿ ̔ 

  

3.11.3.30 JAL 

JAL Jump And Link JAL 

31       26 25                                        0 

JAL 

000011 
target 

6   26   

̔JAL target 

̔ 

26ᴁ чᴁ̆ б ԇ ᴁ ӊ 32ᴁ Ȃ 

У ԇ ֒  ̆ ԇ ЮУ ԇ ֒

ᶑ  r31ѐȂ 

ᴐ̔ 

T:   temp ă target 

    GPR[31] ă PC + 8 
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T+1: PC ă PC31...28 || temp || 0 2 

ᴿ ̔ 

  

3.11.3.31 JALR 

JALR Jump And Link Register JALR 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs 00000 rd 00000 

JALR 

001001 

6 5 5 5 5 6 

̔JALR rs 

      JALR rd, rs 

̔ 

У ԇ ֒  rs ̆ ԇ Ю

У ԇ ᶑ  rdѐȂ ѐ а rd ̆‡ ḣѝ

r31Ȃ 

rsȁrd а ̆ ‡ᾋ ԇ ̆  

а Ȃ У ̆   ᾰͅ ̆ ὁ  ᾳȂ 

ұ ԇ ̆ JALR ԇѐ rs ḣ ᴂчᴁ ѝľ Ŀ̆

‡ӱ ᴿ Ȃ 

ᴐ̔ 

 T:   temp ă GPR [rs] 

GPR[rd] ă PC + 8 

    T+1: PC ă temp 

ᴿ ̔ 

  

3.11.3.32 JR 

JR Jump Register JR 

31       26 25       21 20                       6 5         0 

SPECIAL 

000000 
rs 

0 

0000 0000 0000 0000 

JR 

001000 

6 5  15  6 

̔JR rs 

̔ 

У ԇ ֒  rs Ȃ 

ұ ԇ ̆ JR ԇѐ rs ḣ ᴂчᴁ ѝľ Ŀ̆ ‡

ӱ ᴿ Ȃ 

ᴐ̔ 
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 T:   temp ă GPR [rs] 

    T+1: PC ă temp 

ᴿ ̔ 

  

3.11.3.33 LB 

LB Load Byte LB 

31       26 25       21 20       16 15                           0 

LB 

100000 
base rt offset 

6 5 5  16  

̔LB rt, offset(base) 

̔ 

16ᴁ Ḷ ̆ б base ḣ ╗ Ȃ

ӊ ̆ ӱ ẏ ѐ Уэ ̆

 rt ѐȂ 

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

mem ă LoadMemory (uncached, BYTE, pAddr, vAddr, DATA) 

byte ă vAddr1...0 

GPR[rt] ă (mem7+8*byte)
24 || mem 7+8*byte...8*byte 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

ᴿ  

ᴿ  

3.11.3.34 LBU 

LBU Load Byte Unsigned LBU 

31       26 25       21 20       16 15                           0 

LBU 

100100 
base rt offset 

6 5 5  16  

̔LBU rt, offset(base) 

̔ 

16ᴁ Ḷ ̆ б base ḣ ╗ Ȃ

ӊ ̆ ӱ ẏ ѐ Уэ ̆

 rt ѐȂ 
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ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

mem ă LoadMemory (uncached, BYTE, pAddr, vAddr, DATA) 

byte ă vAddr1...0 

GPR[rt] ă 024 || mem 7+8*byte...8*byte 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

ᴿ  

ᴿ  

3.11.3.35 LH 

LH Load Halfword LH 

31       26 25       21 20       16 15                           0 

LH 

100001 
base rt offset 

6 5 5  16  

̔LH rt, offset(base) 

̔ 

16ᴁ Ḷ ̆ б base ḣ ╗ Ȃ

ӊ ̆ ӱ ẏ ѐ ̆

 rt ѐȂ 

ᴂᴁаѝľ Ŀ̆ ‡ӊ Уэ ᴿ Ȃ 

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

mem ă LoadMemory (uncached, HALFWORD, pAddr, vAddr, DATA) 

byte ă vAddr1...0 

GPR[rt] ă (mem15+8*byte)
16 || mem 15+8*byte...8* byte 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

ᴿ  

ᴿ  

3.11.3.36 LHU 

LHU Load Halfword Unsigned LHU 

31       26 25       21 20       16 15                           0 
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LHU 

100101 
base rt offset 

6 5 5  16  

̔LHU rt, offset(base) 

̔ 

16ᴁ Ḷ ̆ б base ḣ ╗ Ȃ

ӊ ̆ ӱ ẏ ѐ ̆ 

rt ѐȂ 

ᴂᴁаѝľ Ŀ̆ ‡ӊ Уэ ᴿ Ȃ 

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

mem ă LoadMemory (uncached, HALFWORD, pAddr, vAddr, DATA) 

byte ă vAddr1...0 

GPR[rt] ă 016 || mem 15+8*byte...8*byte 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

ᴿ  

ᴿ  

3.11.3.37 LL 

LL Load Linked LL 

31       26 25       21 20       16 15                           0 

LL 

110000 
base rt offset 

6 5 5  16  

̔LL rt, offset(base) 

̔ 

16ᴁ Ḷ ̆ б base ḣ ╗ Ȃ

ӊ ̆ ӱ ẏ ѐ Уэ  rt ѐȂ 

LLб SC ԇ̆ Ԉ ὲӹ ᶢ ̆ӱ

ẏ ѐ э ẏᴁ ᴐ̆έᴇ Ю̔ 

L1: 

LL T1, (T0) 

ADD T2, T1, 1 

SC T2, (T0) 

BEQ T2, 0, L1 

NOP 

Э ԇ ‟ T0 ╗ľУĿ ᴐ̆ ADD ԇᶢ ѝ OR ԇ

‡ Ԉ ᴁ ᴐȂ ԇ Юᴳ ̆а CP0G Ȃ 

uncacheable LL ᴐ̆ ѐ noncoherent LL



GSC3281 ᾊ 

ӏא                     Ὠ                66  

ᴐ̆‡ ᴐ ֶа ȂLL SC ԇѮ cache ֶ SC ᴐ ̆

LL SC ԇѮ а load/store ᴐ̆ ‡ SC ᴐ ֶ а ╖ȂR

҂ֶ SC ᴐ ̆ ὁ а ᴿ ᾳȂ

ᴂчᴁаѝľ Ŀ̆ ‡ӊ ᴿ Ȃ 

ᴐ̔  

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

mem ă LoadMemory (uncached, WORD, pAddr, vAddr, DATA) 

GPR[rt] ă mem31...0 

LLbit ă 1 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

ᴿ  

ᴿ  

3.11.3.38 LUI 

LUI Load Upper Immediate LUI 

31       26 25       21 20       16 15                           0 

LUI 

001111 

0 

00000 
rt immediate 

6 5 5  16  

̔LUI rt, immediate 

̔ 

16ᴁ ︠Ὡᴁ̆ᴂᴁ ľ Ŀ ὡ rtȂ 

ᴐ̔ 

T:  GPR[rt] ă immediate || 016 

ᴿ ̔ 

 

3.11.3.39 LW 

LW Load Word LW 

31       26 25       21 20       16 15                           0 

LW 

100011 
base rt offset 

6 5 5  16  

̔LW rt, offset(base) 

̔ 

16ᴁ Ḷ ̆ б base ḣ ╗ Ȃ
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ӊ ̆ ӱ ẏ ѐУэ  rt ѐȂ

ᴂчᴁаѝľ Ŀ̆ ‡ӊ ᴿ Ȃ 

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

mem ă LoadMemory (uncached, WORD, pAddr, vAddr, DATA) 

GPR[rt] ă mem31Χ0 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

ᴿ  

ᴿ  

3.11.3.40 LWL 

LWL Load Word Left LWL 

31       26 25       21 20       16 15                           0 

LWL 

100010 
base rt offset 

6 5 5  16  

̔LWL rt, offset(base) 

̔ 

ԇ LWR Ԉ ᾃ ѐ э Ȃ ᾃ ѐ֗

ѝ ᴁ ᴂᴁч ̆LWL ᴁ   rt ̆ LWR

ᴂᴁ   rt Ȃ 

16ᴁ Ḷ ̆ б base ḣ ╗ ֗ ̆

ӊ ̆ ӱ ẏ ѐ Уэ ᾃӱ

Ȃ а ̆ ӱУэ э а Ȃ 

LWL ԇӱ ẏ ѐ ᴁ  rt ᴁ ̆ 

ẏ ѐУэ ᴂ  ѝ ̆ rt ᴂᴁ ᶑ а ȂLWL ԇ

ᾳ Ю Ȃ 

vAddr1..0

Memory contents and byte offsets

Little-endian

MSB

Initial contents of Dest Register

   3         2          1         0 LSB

Destination register contents after instruction (shaded is unchanged)

offset (vAddr1..0)

MSB LSB

L F G H
K L G H
J K L H
I J K L

I J K L E F G H

0

1

2

3  
ᾃ rt ḣ ҩ ̆ У ᾃ ԇ

У LWL ԇ̆ зч ԇ rt ̆а ч ԇѐ ╗ὡ NOP
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ᴐȂLWL ԇаֶ ѝ а ᴿ Ȃ 

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

pAddr ă pAddrPSIZE͠1...2 || 0
2 

byte ă vAddr1...0 

mem ă LoadMemory (uncached, 0 || byte, pAddr, vAddr, DATA) 

temp ă mem8*byte+7...0 || GPR[rt]23-8*byte...0 

GPR[rt] ă temp 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

ᴿ  

ᴿ  

3.11.3.41 LWR 

LWR Load Word Right LWR 

31       26 25       21 20       16 15                           0 

LWR 

100110 
base rt offset 

6 5 5  16  

̔LWR rt, offset(base) 

̔ 

ԇ LWL Ԉ ᾃ ѐ э Ȃ ᾃ ѐ֗

ѝ ᴁ ᴂᴁч ̆LWR ᴂᴁ   rt ̆ LWL

ᴁ   rt Ȃ 

16ᴁ Ḷ ̆ б base ḣ ╗ ֗ ̆

ӊ ̆ ӱ ẏ ѐ Уэ ᾃӱ

Ȃ а ̆ ӱУэ э а Ȃ 

LWR ԇӱ ẏ ѐ ᴁ  rt ᴂᴁ ̆ 

ẏ ѐУэ  ѝ ̆ rt ᴁ ᶑ а ȂLWR ԇ

ᾳ Ю Ȃ 
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vAddr1..0

Memory contents and byte offsets

Little-endian

MSB

Initial contents of Dest Register

   3         2          1         0 LSB

Destination register contents after instruction (shaded is unchanged)

offset (vAddr1..0)

MSB LSB

I J K L
E I J K
E F I J
E F G I

I J K L E F G H

0

1

2

3  

ᾃ rt ḣ ҩ ̆ У ᾃ ԇ

У LWR ԇ̆ зч ԇ rt ̆а ч ԇѐ ╗ὡ NOP

ᴐȂ ԇаֶ ѝ а ᴿ Ȃ 

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

pAddr ă pAddrPSIZE͠1...2 || 0
2 

byte ă vAddr1...0 

mem ă LoadMemory (uncached, 0 || byte, pAddr, vAddr, DATA) 

temp ă GPR[rt]31...32-8*byte || mem 31...8*byte 

GPR[rt] ă temp 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

ᴿ  

ᴿ  

3.11.3.42 MFC0 

MFC0 
Move From 

System Control Coprocessor 
MFC0 

31       26 25       21 20       16 15       11 10           0 

COP0 

010000 

MF 

00000 
rt rd 

0 

000 0000 0000 

6 5 5 5 11 

̔MFC0 rt, rd 

̔ 

CP0 rd ḣ rt ᾃȂ 

ᴐ̔ 

T:   data ă CPR[0,rd] 

T+1: GPR[rt] ă data 

ᴿ ̔ 

а ᴿ  
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3.11.3.43 MFHI 

MFHI Move From HI MFHI 

31       26 25                 16 15       11 10       6 5         0 

SPECIAL 

000000 

0 

00 0000 0000 
rd 

0 

00000 

MFHI 

010000 

6 10 5   5       6 

̔MFHI rd 

̔ 

HI ḣ rdѐȂ 

ᴐ̔ 

T: GPR[rd] ă HI 

ᴿ ̔ 

 

3.11.3.44 MFLO 

MFLO Move From Lo MFLO 

31       26 25             16 15       11 10       6 5         0 

SPECIAL 

000000 

0 

00 0000 0000 
rd 

0 

00000 

MFLO 

010010 

6 10 5   5       6 

̔MFLO rd 

̔ 

LO ḣ rdѐȂ 

ᴐ̔ 

T: GPR[rd] ă LO 

ᴿ ̔ 

 

3.11.3.45 MTC0 

MTC0 
Move To 

System Control Coprocessor 
MTC0 

31       26 25       21 20       16 15       11 10           0 

COP0 

010000 

MT 

00100 
rt rd 

0 

000 0000 0000 

6 5 5 5 11 

̔MTC0 rt, rd 

̔ 

rt ḣᾗὡ CP0 rd ѐȂ 
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ᴐ̔ 

T:   data ă GPR[rt] 

T+1: CPR[0,rd] ă data 

ᴿ ̔ 

а ᴿ  

3.11.3.46 MTHI 

MTHI Move To HI MTHI 

31       26 25     21 20                  6 5         0 

SPECIAL 

000000 
rs 

0  

000 0000 0000 0000 

MTHI 

010001 

6 5  15             6 

̔MTHI rs 

̔ 

rs ḣᾗὡ HIѐȂ 

ᴐ̔ 

T: HI ă GPR[rs] 

ᴿ ̔ 

 

3.11.3.47 MTLO 

MTLO Move To LO MTLO 

31       26 25     21 20                  6 5         0 

SPECIAL 

000000 
rs 

0  

000 0000 0000 0000 

MTLO 

010011 

6 5  15          6 

̔MTLO rs 

̔ 

rs ḣᾗὡ LOѐȂ 

ᴐ̔ 

T: LO ă GPR[rs] 

ᴿ ̔ 

 

3.11.3.48 MULT 

¥MULT Multiply MULT 

31       26 25       21 20       16 15           6 5         0 
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SPECIAL 

000000 
rs rt 

0 

00 0000 0000 

MULT 

011000 

6 5 5 10  6 

̔MULT rs, rt 

̔ 

rs rt ḣ 2 ѻ Ȃ ԇ ֗ᴉ ᾳЮ аֶӊ

 ᴿ Ȃѻ ᴐ ̆ ѐ ᴂчэ ⁞ᶑ  HI LO

ѐȂ 

ᴐ̔ 

T: t ă GPR[rs] *  GPR[rt] 

  LO ă t31...0 

HI ă t63...32 

ᴿ ̔ 

  

3.11.3.49 MULTU 

MULTU Multiply Unsigned MULTU 

31       26 25       21 20       16 15           6 5         0 

SPECIAL 

000000 
rs rt 

0 

00 0000 0000 

MULTU 

011001 

6 5 5 10 6 

̔MULTU rs, rt 

̔ 

rs rt ḣ ѻ Ȃ ԇ ֗ᴉ ᾳЮ аֶӊ

 ᴿ Ȃѻ ᴐ ̆ ѐ ᴂчэ ⁞ᶑ  HI LO

ѐȂ 

ᴐ̔ 

T: t ă (0 || GPR[rs]) *  (0 || GPR[rt]) 

  LO ă t31...0 

HI ă t63...32 

ᴿ ̔ 

  

3.11.3.50 NOR 

NOR Nor NOR 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

NOR 

100111 

6 5 5 5 5 6 
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̔NOR rd, rs, rt 

̔ 

rs ḣб rt ḣ ᴁ ľ Ŀ ̆ 

rdѐȂ 

ᴐ̔ 

 T: GPR[rd]ăGPR[rs] nor GPR[rt] 

ᴿ ̔ 

  

3.11.3.51 OR 

OR Or OR 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

OR 

100101 

6 5 5 5 5 6 

̔OR rd, rs, rt 

̔ 

rs ḣб rt ḣ ᴁ ľ Ŀ ̆ 

rdѐȂ 

ᴐ̔ 

 T: GPR[rd]ăGPR[rs] or GPR[rt] 

ᴿ ̔ 

  

3.11.3.52 ORI 

ORI Or Immediate ORI 

31       26 25       21 20       16 15                           0 

ORI 

001101 
rs rt immediate 

6 5 5  16  

̔ORI rt, rs, immediate 

̔ 

16ᴁ б rs ḣ ᴁ ľ Ŀ ̆ 

rt ѐȂ 

ᴐ̔ 

 T: GPR[rt]ăGPR[rs]31Χ16|| (immediate or GPR[rs] 15Χ0) 

ᴿ ̔ 
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3.11.3.53 SB 

SB Store Byte SB 

31       26 25       21 20       16 15                           0 

SB 

101000 
base rt offset 

6 5 5  16  

̔SB rt, offset(base) 

̔ 

16ᴁ Ḷ ̆ б base ḣ ╗ Ȃ

rt ᴂ ẏ  ѐȂ 

ᴐ̔ 

T:  vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

byte ă vAddr1...0 

data ă GPR[rt]31͠ 8*byte...0 || 0
8*byte 

StoreMemory (uncached, BYTE, data, pAddr, vAddr, DATA) 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

TLBɡ ᴿ  

ᴿ  

ᴿ  

3.11.3.54 SC 

SC Store Conditional SC 

31       26 25       21 20       16 15                           0 

SC 

111000 
base rt offset 

6 5 5  16  

̔SC rt, offset(base) 

̔ 

16ᴁ Ḷ ̆ б base ḣ ╗ Ȃ

rt ḣ ֒ ẏ  ѐȂ 

₥Уэ LL ԇѮ ֗ᴉὲӹ ᶢ ѐ ḣ̆ LL SC

ԇѮ ERET ԇ̆‡ SC ԇ ̆аֶ ѐᾗὡ Ȃ 

SC ╖б ԇ rt ḣ   ̆ SC ╖̆

ѐ ╖ᾗὡ ‡̆ rt ḣ ѝľУĿ̆ ‡ rt ḣ ѝľ ĿȂ 

SC ԇ ẏ а ұ У LL ԇ ̆‡ SC ԇ ᴐ а

Ȃ 
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ԇ Юᴳ ̆а ᴳ CP0 Ȃ 

ᴂᴁчᴁ ľ Ŀ̆ ‡ӊ ᴿ Ȃ 

SC ԇ ̆   бӊ ᴿ ᾰͅ‡ִἼӊ ᴿ Ȃ 

ᴐ̔ 

T:  vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

data ă GPR[rt] 

if LLbit then 

StoreMemory (uncached, WORD, data, pAddr, vAddr, DATA) 

endif 

GPR[rt] ă 031 || LLbit  

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

TLBɡ ᴿ  

ᴿ  

ᴿ  

3.11.3.55 SDBBP 

SDBBP Software Debug Breakpoint SDBBP 

31       26 25                            6  5           0 

SPECIAL2 

011100 
code 

SDBBP 

111111 

6 20 6 

̔SDBBP 

̔ 

SDBBP ԇ ӊ ᴿ ̆ ֒  ᴿ Ȃ 

code ұ ּ֒ ̆ ᴿ ѐ ԇ ḣ code Ȃ 

ᴐ̔ 

T: DebugBreakpointException; 

ᴿ ̔ 

ᴿ  

3.11.3.56 SH 

SH Store Halfword SH 

31       26 25       21 20       16 15                           0 

SH 

101001 
base rt offset 

6 5 5  16  
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̔SH rt, offset(base) 

̔ 

16ᴁ Ḷ ̆ б base ḣ ╗ Ȃ

rt ᴂ ẏ  ѐȂ ᴂᴁа ұ

ľ Ŀ̆ ‡ӊ ᴿ Ȃ 

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

byte ă vAddr1...0 

data ă GPR[rt]31͠ 8*byte...0 || 0
8*byte 

StoreMemory (uncached, HALFWORD, data, pAddr, vAddr, DATA) 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

TLBɡ ᴿ  

ᴿ  

ᴿ  

3.11.3.57 SLL 

SLL Shift Left Logical SLL 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 

0 

00000 
rt rd sa 

SLL 

000000 

6 5 5 5 5 6 

̔SLL rd, rt, sa 

̔ 

rt saᴁ̆ ᴂᴁ ľ ĿȂ ᴁ  rd

ѐȂ 

ᴐ̔ 

T: GPR[rd] ă GPR[rt]31ς sa...0 || 0
sa 

ᴿ ̔ 

  

3.11.3.58 SLLV 

SLLV Shift Left Logical Variable SLLV 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

SLLV 

000100 

6 5 5 5 5 6 
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̔SLLV rd, rt, rs 

̔ 

rs ᴂҷᴁ ᴁ rt ḣ ̆ ᴂᴁ ľ ĿȂ

ᴁ  rdѐȂ 

ᴐ̔ 

T: s ă GP[rs]4...0 

GPR[rd] ă GPR[rt](31͠ s)...0 || 0
s 

ᴿ ̔ 

  

3.11.3.59 SLT 

SLT Set On Less Than SLT 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

SLT 

101010 

6 5 5 5 5 6 

̔SLT rd, rs, rt 

̔ 

rs ḣ῏ rt ḣ̆ὲѐчэ ḣ ᴐ Ȃ

rs ḣ ұ rt ḣ, ‡ rd ľУĿ̆ ‡ ľ ĿȂ 

ԇ ֗ᴉ ᾳЮ аֶӊ  ᴿ ̆ ᵳ῏ ӊ  ̆ ԇ

Ӱ Ȃ 

ᴐ̔ 

T: if GPR[rs] < GPR[rt] then 

GPR[rd] ă 031 || 1  

else 

GPR[rd] ă 032 

endif 

ᴿ ̔ 

  

3.11.3.60 SLTI 

SLTI Set On Less Than Immediate SLTI 

31       26 25       21 20       16 15                           0 

SLTI 

001010 
rs rt immediate 

6 5 5  16  

̔SLTI rt, rs, immediate 

̔ 
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rs ḣ῏ 16ᴁ ḣ ὲ̆ѐчэ ᴐ Ȃ

rs ḣ ұ ‡̆ rt ľУĿ̆ ‡ ľ ĿȂ 

ԇ ֗ᴉ ᾳЮ аֶӊ  ᴿ ̆ ᵳ῏ ӊ  ̆ ԇ

Ӱ Ȃ 

ᴐ̔ 

T: if GPR[rs] < (immediate15)
16 || immediate 15...0 then 

GPR[rd] ă 031 || 1  

else 

GPR[rd] ă 032 

endif 

ᴿ ̔ 

  

3.11.3.61 SLTIU 

SLTIU Set On Less Than Immediate Unsigned SLTIU 

31       26 25       21 20       16 15                           0 

SLTIU 

001011 
rs rt immediate 

6 5 5  16  

̔SLTIU rt, rs, immediate 

̔ 

rs ḣ῏ 16ᴁ ḣ ὲ̆ѐчэ ᴐ Ȃ

rs ḣ ұ ‡̆ rt ľУĿ̆ ‡ ľ ĿȂ 

ԇ ֗ᴉ ᾳЮ аֶӊ  ᴿ ̆ ᵳ῏ ӊ  ̆ ԇ

Ӱ Ȃ 

ᴐ̔ 

T: if (0 || GPR[rs]) < (immediate15)
16 || immediate 15...0 then 

GPR[rd] ă 031 || 1  

else 

GPR[rd] ă 032 

endif 

ᴿ ̔ 

  

3.11.3.62 SLTU 

SLTU Set On Less Than Unsigned SLTU 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

SLTU 

101011 
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6 5 5 5 5 6 

̔SLTU rd, rs, rt 

̔ 

rs ḣ῏ rt ḣ̆ὲѐчэ ḣ ᴐ Ȃ

rs ḣ ұ rt ḣ, ‡ rd ľУĿ̆ ‡ ľ ĿȂ 

ԇ ֗ᴉ ᾳЮ аֶӊ  ᴿ ̆ ᵳ῏ ӊ  ̆ ԇ

Ӱ Ȃ 

ᴐ̔ 

T: if (0 || GPR[rs]) < 0 || GPR[rt] then 

GPR[rd] ă 031 || 1  

else 

GPR[rd] ă 032 

endif 

ᴿ ̔ 

  

3.11.3.63 SRA 

SRA Shift Right Arithmetic SRA 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 

0 

00000 
rt rd sa 

SRA 

000011 

6 5 5 5 5 6 

̔SRA rd, rt, sa 

̔ 

rt ḣ saᴁ̆ ᴁ Ȃ ᴁ 

rdѐȂ 

ᴐ̔ 

T: GPR[rd] ă (GPR[rt]31)
sa || GPR[rt] 31...sa 

ᴿ ̔ 

  

3.11.3.64 SRAV 

SRAV Shift Right Arithmetic Variable SRAV 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

SRAV 

000111 

6 5 5 5 5 6 

̔SRAV rd, rt, rs 

̔ 
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 rs ᴂҷᴁ ᴁ rt ḣ ̆ ᴁ

Ȃ ᴁ  rdѐȂ 

ᴐ̔ 

T: s ă GP[rs]4...0 

GPR[rd] ă (GPR[rt]31)
s || GPR[rt]31...s 

ᴿ ̔ 

  

3.11.3.65 SRL 

SRL Shift Right Logical SRL 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 

0 

00000 
rt rd sa 

SRL 

000010 

6 5 5 5 5 6 

̔SRL rd, rt, sa 

̔ 

rt ḣ saᴁ̆ ᴁ ľ ĿȂ  rdѐȂ 

ᴐ̔ 

T: GPR[rd] ă 0 sa || GPR[rt]31...sa 

ᴿ ̔ 

  

3.11.3.66 SRLV 

SRLV Shift Right Logical Variable SRLV 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

SRLV 

000110 

6 5 5 5 5 6 

̔SRLV rd, rt, rs 

̔ 

rs ᴂҷᴁ ᴁ rt ḣ ̆ ᴁ ľ ĿȂ

ᴁ  rdѐȂ 

ᴐ̔ 

T: s ă GPR[rs]4...0 

GPR[rd] ă 0s || GPR[rt]31...s 

ᴿ ̔ 
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3.11.3.67 SUB 

SUB Subtract SUB 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

SUB 

100010 

6 5 5 5 5 6 

̔SUB rd, rs, rt 

̔ 

rs ḣ῏ rt ḣ̆  rdѐȂ 

SUB ԇб SUBU ԇ а Ѯ ұ SUBU ԇаֶӊ  ᴿ Ȃ 

ұ SUB ԇ̆ ῏ ᴐ 30ᴁб 31ᴁ ᴁ  ḣа ̆‡ӊ Уэ

 ᴿ ̂ 2  ̃̆ rd ḣаֶ Ȃ 

ᴐ̔ 

T: GPR[rd] ă GPR[rs]͠ GPR[rt] 

ᴿ ̔ 

  ᴿ  

3.11.3.68 SUBU 

SUBU Subtract Unsigned SUBU 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

SUBU 

100011 

6 5 5 5 5 6 

̔SUBU rd, rs, rt 

̔ 

rs ḣ῏ rt ḣ̆  rdѐȂ 

SUBU ԇб SUB ԇ а Ѯ ұ SUBU ԇаֶӊ  ᴿ ȂSUBU ԇ ֗ᴉ

ᾳЮ аֶӊ  ᴿ Ȃ 

ᴐ̔ 

T: GPR[rd] ă GPR[rs]͠ GPR[rt] 

ᴿ ̔ 

  

3.11.3.69 SW 

SW Store Word SW 

31       26 25       21 20       16 15                           0 

SW base rt offset 
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101011 

6 5 5  16  

̔SW rt, offset(base) 

̔ 

16ᴁ Ḷ ̆ б base ḣ ╗ Ȃ

rt ḣ ẏ  ѐȂ 

ᴂчᴁа ұľ Ŀ̆ ‡ӊ ᴿ Ȃ 

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

data ă GPR[rt] 

StoreMemory (uncached, WORD, data, pAddr, vAddr, DATA) 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

TLBɡ ᴿ  

ᴿ  

ᴿ  

3.11.3.70 SWL 

SWL Store Word Left SWL 

31       26 25       21 20       16 15                           0 

SWL 

101010 
base rt offset 

6 5 5  16  

̔SWL rt, offset(base) 

̔ 

ԇб SWR Ԉ ḣ ẏᾃ ѐ э ѐȂ

SWL  ẏᾃ ѐУэ ᴁ ̆SWR  ẏ

ᾃ ѐУэ ᴂᴁ Ȃ 

16ᴁ Ḷ ̆ б base ḣ ╗ ֗ ̆

ӊ ̆ ẏ ѐꜛ ѐᾗὡ

Ȃ а ̆ᾗὡ ӱУэ э а Ȃ  

SWL ԇӱ ᾗὡ ẏ ѐУэ ᴂᴁ ̆ 

ẏ ѐУэ ᴂ ᾗὡ ѝ ȂSWL ԇ ẏ ᾳ Ю Ȃ 

ԇаֶ ѝ а ᴿ Ȃ 
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vAddr1..0

Memory contents and byte offsets

Little-endian

MSB

Initial contents of Dest Register

   3         2           1         0 LSBoffset (vAddr1..0)

MSB LSB

I J K E
I J E F
I E F G
E F G H

I J K L E F G H

0

1

2

3

Little-endian

byte ordering

 

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

pAddr ă pAddr31...2 || 0
2 

byte ă vAddr1...0 

data ă 024-8*byte || GPR[rt]31...24-8*byte 

Storememory (uncached, byte, data, pAddr, vAddr, DATA) 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

TLBɡ ᴿ  

ᴿ  

ᴿ  

3.11.3.71 SWR 

SWR Store Word Right SWR 

31       26 25       21 20       16 15                           0 

SWR 

101110 
base rt offset 

6 5 5  16  

̔SWR rt, offset(base) 

̔ 

ԇб SWL Ԉ ḣ ẏᾃ ѐ э ѐȂ

SWR  ẏᾃ ѐУэ ᴂᴁ ̆SWL  ẏ

ᾃ ѐУэ ᴁ Ȃ 

16ᴁ Ḷ ̆ б base ḣ ╗ ֗ ̆

ӊ ̆ ẏ ѐꜛ ѐᾗὡ

Ȃ а ̆ᾗὡ ӱУэ э а Ȃ  

SWR ԇӱ ᴂ ᾗὡ ẏ ѐУэ ᴁ ̆ 

ẏ ѐУэ ᾗὡ ѝ ȂSWR ԇ ẏ ᾳ Ю Ȃ 

ԇаֶ ѝ а ᴿ Ȃ 
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vAddr1..0

Memory contents and byte offsets

Little-endian

MSB

Initial contents of Dest Register

   3         2           1         0 LSBoffset (vAddr1..0)

MSB LSB

E F G H
F G H L
G H K L
H J K L

I J K L E F G H

0

1

2

3

Little-endian

byte ordering

 

ᴐ̔ 

T: vAddr ă ((offset15)
16 || offset 15...0) + GPR[base] 

(pAddr, uncached) ă AddressTranslation (vAddr, DATA) 

pAddr ă pAddr31...2 || 0
2 

byte ă vAddr1...0 

data ă GPR[rt]31-8*byte...0 || 0
8*byte 

StoreMemory(uncached, WORD-byte, data, pAddr, vAddr, DATA) 

ᴿ ̔ 

TLB ᴿ  

TLB ᴿ  

TLBɡ ᴿ  

ᴿ  

ᴿ  

3.11.3.72 SYNC 

SYNC Synchronize SYNC 

31       26 25                           6  5           0 

SPECIAL 

000000 

0 

0000 0000 0000 0000 0000 

SYNC 

001111 

6 20 6 

̔SYNC 

̔ 

32ᴁ ѐ̆SYNC ԇ ᴐ бУ NOP ԇȂ 

ᴐ̔ 

 T: SyncOperation() 

ᴿ ̔ 
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3.11.3.73 SYSCALL 

SYSCALL System Call SYSCALL 

31       26 25                            6  5           0 

SPECIAL 

000000 
code 

SYSCALL 

001100 

6 20 6 

̔SYSCALL 

̔ 

SYSCALLԇ ӊ ᴿ ̆ ֒ ᴿ Ȃ 

code ұ ּ֒ ̆ ᴿ ѐ ԇ ḣ code Ȃ 

ᴐ̔ 

 T: SystemCallException 

ᴿ ̔ 

 ᴿ  

3.11.3.74 TEQ 

TEQ Trap If Equal TEQ 

31       26 25       21 20       16 15         6 5         0 

SPECIAL 

000000 
rs rt code 

TEQ 

110100 

6 5 5 10 6 

̔TEQ rs, rt 

̔ 

rs ḣ rt ḣ̆ ү ̆‡ӊ ᴿ Ȃ 

code ұ ּ֒ ̆ ᴿ ѐ ԇ ḣ code Ȃ 

ᴐ̔ 

T: if GPR[rs] = GPR[rt] then 

TrapException 

endif 

ᴿ ̔ 

 ᴿ  

3.11.3.75 TEQI 

TEQI Trap If Equal Immediate TEQI 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

TEQI 

01100 
immediate 
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6 5 5  16  

̔TEQI rs, immediate 

̔ 

    16ᴁ ̆ б rs ḣ Ȃ ү ̆‡ӊ

ᴿ Ȃ 

ᴐ̔ 

T: if GPR[rs] = (immediate15)
16 || immediate 15...0 then 

TrapException 

endif 

ᴿ ̔ 

ᴿ  

3.11.3.76 TGE 

TGE Trap If Greater Than Or Equal TGE 

31       26 25       21 20       16 15          6 5         0 

SPECIAL 

000000 
rs rt code 

TEG 

110000 

6 5 5 10 6 

̔TGE rs, rt 

̔ 

rs ḣ rt ḣ ᴐ ̆

rs ḣ ұ ұ rt ḣ̆‡ӊ ᴿ Ȃ 

code ұ ּ֒ ̆ ᴿ ѐ ԇ ḣ code Ȃ 

ᴐ̔ 

T: if GPR[rs] ů GPR[rt] then 

TrapException 

endif 

ᴿ ̔ 

 ᴿ  

3.11.3.77 TGEI 

TGEI Trap If Greater Than Or Equal Immediate TGEI 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

TGEI 

01000 
immediate 

6 5 5  16  

̔TGEI rs, immediate 

̔ 

    rs ḣб 16ᴁ ḣ ᴐ ̆  
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rs ḣ ұ ұ 16ᴁ ḣ̆‡ӊ ᴿ Ȃ 

ᴐ̔ 

T: if GPR[rs] ů (immediate15)
16 || immediate 15...0 then 

TrapException 

endif 

ᴿ ̔ 

ᴿ  

3.11.3.78 TGEIU 

TGEIU 
Trap If Greater Than Or Equal 

Immediate Unsigned 
TGEIU 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

TGEIU 

01001 
immediate 

6 5 5  16  

̔TGEIU rs, immediate 

̔ 

    rs ḣб 16ᴁ ḣ ᴐ ̆

rs ḣ ұ ұ 16ᴁ ḣ̆‡ӊ ᴿ Ȃ 

ᴐ̔ 

T: if (0 || GPR[rs]) ů (0 || (immediate15)
16 || immediate 15...0 ) then 

TrapException 

endif 

ᴿ ̔ 

ᴿ  

3.11.3.79 TGEU 

TGEU Trap If Greater Than Or Equal Unsigned TGEU 

31       26 25       21 20       16 15          6 5         0 

SPECIAL 

000000 
rs rt code 

TGEU 

110001 

6 5 5 10 6 

̔TGEU rs, rt 

̔ 

rs ḣ rt ḣ ᴐ ̆

rs ḣ ұ ұ rt ḣ̆‡ӊ ᴿ Ȃ 

code ұ ּ֒ ̆ ᴿ ѐ ԇ ḣ code Ȃ 

ᴐ̔ 

T: if (0 || GPR[rs]) ů (0 || GPR[rt]) then 

TrapException 
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endif 

ᴿ ̔ 

 ᴿ  

3.11.3.80 TLBP 

TLBP Probe TLB For Matching Entry TLBP 

31       26 25 24                                           6 5         0 

COP0 

010000 

CO 

1 

0 

000 0000 0000 0000 0000 

TLBP 

001000 

6 1 19 6 

̔TLBP 

̔ 

 EntryHi ḣб TLB ̆ רּ Уэ TLB ̆‡ רּ TLB

ḣᾗὡ Index ѐ̕ аּר ֗ᴉ TLB ̆‡ Index ᴁ

ľУĿȂ 

ᴐ̔ 

T: Index ă 1 || 0 26 || undefined 4 

for i in 0ΧTLBEntries-1 

       if (TLB[i]95...77 = EntryHi31Χ12) and (TLB[i]76 or (TLB[i]74Χ64 = EntryHi7Χ0)) then 

    Index ă 026 || i 4Χ0 

  endif 

endfor 

ᴿ ̔ 

 а ᴿ  

3.11.3.81 TLBR 

TLBR Read Indexed TLB Entry TLBR 

31       26 25 24                                           6 5         0 

COP0 

010000 

CO 

1 

0 

000 0000 0000 0000 0000 

TLBR 

000001 

6 1 19 6 

̔TLBR 

̔ 

 ӱ TLBѐ   Index TLB ̆ TLB ḣᾗὡ EntryHi

бEntryLo ѐ ὲ̆ѐG ḣ̂ ұ ⁸ASID ̃ ᾗὡEntryLo0бEntryLo1

ѐȂ 

 Index ḣ ұ ѐ TLB ̆‡ ᴐ ̆ а

Ȃ 

ᴐ̔ 
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T: PageMask ă TLB[Index4Χ0]127Χ96 

  EntryHi ă TLB[Index4Χ0]95Χ64 and not TLB[Index4Χ0]127Χ96 

  EntryLo1 ă TLB[Index4Χ0]63Χ32 

  EntryLo0 ă TLB[Index4Χ0]31Χ0 

ᴿ ̔ 

 а ᴿ  

3.11.3.82 TLBWI 

TLBWI Write Indexed TLB Entry TLBWI 

31       26 25 24                                           6 5         0 

COP0 

010000 

CO 

1 

0 

000 0000 0000 0000 0000 

TLBWI 

000010 

6 1 19 6 

̔TLBWI 

̔ 

 EntryHi б EntryLo ḣᾗὡ Index TLB ѐ̆ὲѐ G

ᾗὡḣ EntryLo0 б EntryLo1 G ľбĿ ᴐ Ȃ 

Index ḣ ұ ѐ TLB ̆‡ ᴐ ̆ а

Ȃ 

ᴐ̔ 

T: TLB[Index4Χ0] ă PageMask || (EntryHi and not PageMask) || EntryLo1 || EntryLo0 

ᴿ ̔ 

 а ᴿ  

3.11.3.83 TLBWR 

TLBWR Write Random TLB Entry TLBWR 

31       26 25 24                                           6 5         0 

COP0 

010000 

CO 

1 

0 

000 0000 0000 0000 0000 

TLBWR 

000110 

6 1 19 6 

̔TLBWR 

̔ 

 EntryHi б EntryLo ḣᾗὡ Random TLB ѐ̆ὲѐ G

ᾗὡḣ EntryLo0 б EntryLo1 G ľбĿ ᴐ Ȃ 

ᴐ̔ 

T: TLB[Random4Χ0] ă PageMask || (EntryHi and not PageMask) || EntryLo1 || EntryLo0 

ᴿ ̔ 

 а ᴿ  
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3.11.3.84 TLT 

TLT Trap If Less Than TLT 

31       26 25       21 20       16 15          6 5         0 

SPECIAL 

000000 
rs rt code 

TLT 

110010 

6 5 5 10 6 

̔TLT rs, rt 

̔ 

rs ḣ rt ḣ ᴐ ̆

rs ḣ ұ rt ḣ̆‡ӊ ᴿ Ȃ 

code ұ ּ֒ ̆ ᴿ ѐ ԇ ḣ code Ȃ 

ᴐ̔ 

T: if GPR[rs] < GPR[rt] then 

TrapException 

endif 

ᴿ ̔ 

 ᴿ  

3.11.3.85 TLTI 

TLTI Trap If Less Than Immediate TLTI 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

TLTI 

01010 
immediate 

6 5 5  16  

̔TLTI rs, immediate 

̔ 

    rs ḣб 16ᴁ ḣ ᴐ ̆  

ḣ ұ 16ᴁ ḣ̆‡ӊ ᴿ Ȃ 

ᴐ̔ 

T: if GPR[rs] < (immediate15)
16 || immediate 15...0 then 

TrapException 

endif 

ᴿ ̔ 

ᴿ  

3.11.3.86 TLTIU 

TLTIU Trap If Less Than Immediate Unsigned TLTIU 
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31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

TLTIU 

01011 
immediate 

6 5 5  16  

̔TLTIU rs, immediate 

̔ 

    rs ḣб 16ᴁ ḣ ᴐ ̆

ḣ ұ 16ᴁ ḣ̆‡ӊ ᴿ Ȃ 

ᴐ̔ 

T: if (0 || GPR[rs]) < (0 || (immediate15)
16 || immediate 15...0 ) then 

TrapException 

endif 

ᴿ ̔ 

ᴿ  

3.11.3.87 TLTU 

TLTU Trap If Less Than Unsigned TLTU 

31       26 25       21 20       16 15          6 5         0 

SPECIAL 

000000 
rs rt code 

TLTU 

110011 

6 5 5  10 6 

̔TLTU rs, rt 

̔ 

rs ḣ rt ḣ ᴐ ̆

rs ḣ ұ rt ḣ̆‡ӊ ᴿ Ȃ 

code ұ ּ֒ ̆ ᴿ ѐ ԇ ḣ code Ȃ 

ᴐ̔ 

T: if (0 || GPR[rs]) < (0 || GPR[rt]) then 

TrapException 

endif 

ᴿ ̔ 

 ᴿ  

3.11.3.88 TNE 

TNE Trap If Not Equal TNE 

31       26 25       21 20       16 15          6 5         0 

SPECIAL 

000000 
rs rt code 

TNE 

110110 

6 5 5  10 6 
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̔TNE rs, rt 

̔ 

rs ḣ rt ḣ ̆ ү а ‡̆ӊ ᴿ Ȃ 

code ұ ּ֒ ̆ ᴿ ѐ ԇ ḣ code Ȃ 

ᴐ̔ 

T: if GPR[rs] Ŭ GPR[rt] then 

TrapException 

endif 

ᴿ ̔ 

 ᴿ  

3.11.3.89 TNEI 

TNEI Trap If Not Equal Immediate TNEI 

31       26 25       21 20       16 15                           0 

REGIMM 

000001 
rs 

TNEI 

01110 
immediate 

6 5 5  16  

̔TNEI rs, immediate 

̔ 

    rs ḣб 16ᴁ ḣ ̆ ү а ̆‡ӊ

ᴿ Ȃ 

ᴐ̔ 

T: if GPR[rs] Ŭ (immediate15)
16 || immediate 15...0 then 

TrapException 

endif 

ᴿ ̔ 

ᴿ  

3.11.3.90 WAIT 

WAIT Wait WAIT 

31       26 25 24                                           6 5         0 

COP0 

010000 

CO 

1 

0 

000 0000 0000 0000 0000 

WAIT 

100000 

6 1 19 6 

̔WAIT 

̔ 

    WAIT ԇ ̆ Ὧ ὡᴂ╖ ֭ Ȃ ὡ֭

Ѯ₥̆ WAITѮ₥ ԇ ̆ WAIT ԇѮ ԇ

аֶ Ȃ ὡ֭ Ѯ ̆ ѐ ‡̆  ֭
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Ȃ 

ᴐ̔ 

T: EnterWaitMode 

ᴿ ̔ 

а ᴿ  

3.11.3.91 XOR 

XOR Exclusive Or XOR 

31       26 25       21 20       16 15       11 10        6 5         0 

SPECIAL 

000000 
rs rt rd 

0 

00000 

XOR 

100110 

6 5 5 5 5 6 

̔XOR rd, rs, rt 

̔ 

rs ḣб rt ḣ ᴁ ľ Ŀ ̆ 

rdѐȂ 

ᴐ̔ 

 T: GPR[rd]ăGPR[rs] xor GPR[rt] 

ᴿ ̔ 

  

3.11.3.92 XORI 

XORI Exclusive OR Immediate XORI 

31       26 25       21 20       16 15                           0 

XORI 

001110 
rs rt immediate 

6 5 5  16  

̔XORI rt, rs, immediate 

̔ 

16ᴁ б rs ḣ ᴁ ľ Ŀ ̆ 

rt ѐȂ 

ᴐ̔ 

 T: GPR[rt] ă GPR[rs] xor (016 || immediate) 

ᴿ ̔ 
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4 ⁸ 

4.1  

⁸ ұ GSC3281 ѐ ╟ ȁ ȁ ᴁȁ╖ ⁸ȁIO

Ԉ ⁸╖ ̆ э ⁸ѐ Ȃ ᾳЮ̆ ֒

⁸ ╖ ת̆ Ҿ Ḁ ֒Э҂ УҾ ̆R

╟ Ȃ 

4.2 ╖  

GSC3281 ⁸ έ Ю ╖ ̔ 

 ̧ 2 ╟  

 ̧ PLL    

 ̧  

 ̧ ֒ ᴁ 

 ̧ ֒ ᴳ Ὧ  

 ̧ CPU֭  

 ̧ IO  

 ̧  

4.3  

⁸ ᴐѝУэӱ  GSC3281 AHB Э̆ 4-1 C̆PU

֒ ⁸ ̆ӱ ⁸╖ Ȃ 

ᴁ

IO

AHB

AHB

IO ᶕᶕ

ᶕ

ᶕ

ᴁᶕ

ὲӹᶕ
 

4-1 ⁸  

4.4 ╟  

ѝҩ ̆GSC3281 2 ╟ ̔ 

 ̧ NAND Flash ╟ 

 ̧ SPI Flash ╟ 



GSC3281 ᾊ 

ӏא                     Ὠ                95  

GSC3281 nfcsn_bootmode0б pwmout3_bootmode1_psclk0чэ Ԉ

╟ ̆έᴇ ᾳ 4-1 Ȃ чэ ╟ ᴁ Ю

ұ ╟ ̆ GSC3281   ᴁ Ѯ ̆ чэ ᴐ ╖

Ȃѝҩ ѝ У ╟ а ╖ ̆ чэ Э б

Ю Э Ю Ȃ 

4-1 GSC3281 ╟  

 

{bootmode1, bootmode0}[ 1] 
╟  

00 ᶑ  

01 ᶑ  

10 SPI Flash ╟ 

11 NAND Flash ╟ 

[ 1]̔{bootmode1,bootmode0}={ pwmout3_bootmode1_psclk0, nfcsn_bootmode0} 

4.4.1 NAND Flash ╟ 

ᾳЮ̆NAND Flash ╟ GSC3281 ╟ ̕ѝҩ NAND Flash

╟̆ ̆ NAND Flash У ̂block̃ ᶑаֶ  NAND 

Flash ̆ ₥ NAND Flash Ԉ ᶑ У Ȃѝҩ NAND Flash

╟̆ NAND Flash ̂pagẽ ѝ 4KBȂ 

GSC3281 NAND Flash ⁸ έ 4KB ᾃ ᾰּ̆ש ѝ NAND Flash ╟

̆ ᴁѮ NAND Flash ⁸ ╟ NAND Flash ѐ У У 

4KB ᾃ ᾰּשѐ̆CPU ӱ 4KB ᾃ ᾰּש ╟Ԇ Ȃ ұ NAND Flash ⁸

4KB ᾃ ᾰּ̆ש ╟Ԇ ⁸ 4KBѮᾃȂ 

4.4.2 SPI Flash ╟ 

SPI Flash ╟ ᵏҩУ ╟ ἵ̆ GSC3281 ╟Ԇ

ұ SPI NOR Flashѐ̆ 4MB ╟Ԇ ̕ ұ SPI 4э

ᶕ ̆ SPI ╟ ᴂ ̆ ұ ᴂ Ȃ 

SPI Flash ╟ ᴳ GSC3281 SPI1ў ̆ 4э ѝ spi1csnȁ

spi1misoȁspi1sckб spi1mosi̕ SPI1ў  ᶕ Ԉᴳ GPIO

ת̆ SPI1 ╟ ᴳ spi1csn ᶕ Ȃ 

4.5  

4.5.1  

а ĞSC3281 ᾃ ԈѝЬ ̔ У

ὡ ᵏ ̆ᴿ Ԉ MAC ⁸ б ȁEJTAG JTCK

̕ ү ж PHY ᵏ̆R USB UTMI ̕

ұ Ь ̆ ұ ᾃ PLL̆ ֒  Ԉ ᴳ ̆
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а Ԉ Ԉ а ╖ ȂGSC3281 ╖

ᾳ 4-2 ̆ ₥ ̆ ұ PLLȂ 

4-2 GSC3281  

╖   
 

/ MHZ 

 

/ MHZ  
  

⁸ 

ext_clk 1~50 12 N/A  ὡ PLL  

pll_clk 62.5~1500 500 ᴳ  PLL PLL    

sysctl_clk <178 166.7 Ὧ  hclk ⁸ ᴐ ̆ ұ hclk 

pll_clkout <100 16.67 ᴳ  pll_clk PLL      

 

aclk <267 250 ᴳ  pll_clk AXI ̆ pll_clkү  

hclk <178 166.7 ᴳ  pll_clk AHB  

pclk <59.3 55.6 ᴳ  hlk APB  

CPU 
cpu_clk <267 250 ᴳ  aclk CPU ᴐ  

ejtag_jtck 1~40 N/A N/A ў  EJTAG  

DDR2 
ddr2_clk <267 250 ᴳ  aclk DDR2 ᴐ ̆ ұ aclk 

ddr2phy_clk <534 500 ᴳ  pll_clk DDR2 PHY ᴐ ̆ ұ pll_clk 

DMA dma_clk <178 166.7 Ὧ  hclk DMA ⁸ ᴐ ̆ ұ hclk 

NFC nfc_clk <178 166.7 Ὧ  hclk 
NAND Flash ⁸ ᴐ ̆

ұ hclk 

MAC 

tx_clk 25/2.5 25/2.5 N/A rmii_clk MAC  

rx_clk 25/2.5 25/2.5 N/A rmii_clk MAC  

rmii_clk 50 50 N/A  MAC RMII ̆ ὡ 

USB 

utmi_clk 60 60 N/A USB PHY USB UTMI  

ohci_clk 12 12 ᴳ  USB PHY 
USB Э ӊ OHCI

̆ ᴐ PLL  

ICTL ictl_clk <178 166.7 Ὧ  hclk ѐ ⁸ ᴐ ̆ ұ hclk 

SPI1 spi1_clk <178 5.56 Ὧ  hclk SPI1 ᴐ  

EMI emi_clk <178 166.7 Ὧ  hclk EMI ⁸ ᴐ ̆ ұ hclk 

I2C i2c_clk <178 16.67 Ὧ  hclk I2C ᴐ  

I2S 
i2s_clk 1~6.144 1.389 Ὧ  spll_clk I2S ᴐ  

i2s_clkout 1~6.144 1.389 Ὧ  i2s_clk I2S   ̆ ұ i2s_clk 

SPI0 spi0_clk <59.3 5.56 Ὧ  pclk SPI0 ᴐ  

keypad keypad_clk 0.002~10 1.11 Ὧ  pclk ᴐ  

SCI0 
sci0_clk 1~5 4.63 Ὧ  pclk SCI0 ᴐ  

sim0_clk 1~5 4.63 Ὧ  sci0_clk SCI0    

SCI1 
sci1_clk 1~5 4.63 Ὧ  pclk SCI1 ᴐ  

sim1_clk 1~5 4.63 Ὧ  sci1_clk SCI1    

PWM 

pwm0_clk 1~20 5.56 Ὧ  pclk PWM0 ᴐ  

pwm1_clk 1~20 5.56 Ὧ  pclk PWM1 ᴐ  

pwm2_clk 1~20 5.56 Ὧ  pclk PWM2 ᴐ  

pwmr_clk 1~50 5.56 Ὧ  pclk PWM ᴐ  

PS2_0 ps2_0_clk 1~10 1.11 Ὧ  pclk PS2-0 ᴐ  

PS2_1 ps2_1_clk 1~10 1.11 Ὧ  pclk PS2-1 ᴐ  
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╖   
 

/ MHZ 

 

/ MHZ  
  

GPIO 
gpio_clk 10~100 55.6 Ὧ  pclk GPIO ᴐ ̆ ұ pclk 

gpiodb_clk 1~50 2.78 Ὧ  pclk GPIO  

watchdog wdt_clk 10~100 55.6 Ὧ  pclk Watchdog ᴐ ̆ ұ pclk 

timer 

timer0_clk 0.01~50 2.78 Ὧ  pclk Timer0 ᴐ  

timer1_clk 0.01~50 2.78 Ὧ  pclk Timer1 ᴐ  

timer2_clk 0.01~50 2.78 Ὧ  pclk Timer2 ᴐ  

timer3_clk 0.01~50 2.78 Ὧ  pclk Timer3 ᴐ  

UART0 uart0_clk 1~50 5.56 Ὧ  pclk UART0 ᴐ  

UART1 uart1_clk 1~50 5.56 Ὧ  pclk UART1 ᴐ  

UART2 uart2_clk 1~50 5.56 Ὧ  pclk UART2 ᴐ  

UART3 uart3_clk 1~100 16.67 Ὧ  hclk UART3 ᴐ  

UART4 uart4_clk 1~100 16.67 Ὧ  hclk UART4 ᴐ  

UART5 uart5_clk 1~100 16.67 Ὧ  hclk UART5 ᴐ  

UART6 uart6_clk 1~50 5.56 Ὧ  pclk UART6 ᴐ  

UART7 uart7_clk 1~50 5.56 Ὧ  pclk UART7 ᴐ  

GSC3281 4-2 ̆ ѐ ҩ EJTAG Ѯ ᾃ

ὲ ҵὯ ̕ ѝ PLL ὴ̆ ᾳЮѝ 500MHZ̆ ᴐѝ DDR2 

PHY P̕LL 2 Ѯ ᴐѝ AXI Ԉ CPUȁDDR2 ⁸ ᴐ P̆LL

 Ѯ ᴐѝ AHB ᴐ ̆AHB  Ѯ

ᴐѝ APB ̕ MACѮ ̆ὲӹ ᾃ Ԉ PLL ȁAHB

APB ѝ  Ȃ 

ѝҩ ᴂ ̆PLL Ԉ ұ ̆҂ Ԉ USB PHY

ᾃ ᵏ 12MHZ ̕ ұ ұ ᶕ clksel Ю ̆

ᾳЮ GSC3281 ᴳ USB PHY ᵏ 12MHZ ᴐѝ PLL Ȃ 

 Ҿ ѐ̆ GSC3281 ᵏУэ ̆ 4-2ѐ pll_clkout ѝ PLL

У  Ѯ   ̆ У ұ ᵏ ̆ У ҂

ұ ӊ I2S ᴐ Ȃ 



GSC3281 ᾊ 

ӏא                     Ὠ                98  

div2/20 gating

gating

gating

USB

PHYXO

XI

PLL
ref_clk pll_clk

ohci_clk(12MHZ)

utmi_clk(60MHZ)

i2c_clk

uart3_clk

uart4_clk

uart5_clk

i2c

clkctrl

uart

clkctrl

spi1

clkctrl

misc

clkctrl

spi1_clk

dma_clk

ictl_clk

nfc_clk

sysctl_clk

emi_clk

hclkhclk

clkctrl

aclk

clkctrl

pll_clkout 

clkctrl

ddr2phy_clk

aclk

cpu_clk

ddr2_clk

i2s

clkctrl
i2s_clk

i2s_clkout

gpio_clk

gpiodb_clk

uart0_clk

uart1_clk

uart2_clk

uart6_clk

uart7_clk

uart

clkctrl

gpio

clkctrl

pwm

clkctrl

timer0_clk

timer1_clk

timer2_clk

timer3_clk

pwm0_clk

pwm1_clk

pwm2_clk

pwmr_clk

pclk

clkctrl

ps2_0_clk

ps2_1_clk

spi0_clk

ps2

clkctrl

spi0

clkctrl

keypad

clkctrl

sci

clkctrl

keypad_clk

sci0_clk

sim0_clk

sci1_clk

sim1_clk

timer 

clkctrl

extclk

mac_tx_clk_i

clksel

mac_tx_clk

mac_rx_clk

mac_rmii_clk

pll_clkout

pclk

mac_speed

wdt

clkctrl
wdt_clk

 

4-2 GSC3281  

 USB PHYᾃ ꜛ ҩУэ PLL̆ ұӊ 60MHZ UTMI ̆USB ⁸ Ԉ UTMI

ѝ ᴐ Ȃ 

 GSC3281 Ԉ MAC ⁸ Ьэ ᴐ ̆ꜛ mac_tx_clkȁ

mac_rx_clkԈ RMII mac_rmii_clk̆ὲѐ mac_tx_clk mac_rx_clk mac_rmii_clk

 ̆έᴇ Ԉ MAC ⁸ У Ȃ 

4.5.2 PLL  

GSC3281 ҩ ᾃ PLL̆ Ԉѝ э ᵏ ȂPLL

  ѝ 62.5MHZ~1500MHZ̆ 4-3 ̆ ὡᶕ MȁNȁOD ұ PLL

  ̆bypass‡ ұ PLL̆ ᴳ PLL   ұ ὡ ȂPLL
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  б MȁNȁODԈ Ѯ Ὧ Ю̂ ὲѐMᴁ ѝ 7̆

ᴂᴁ M1̆ ᴁ M7̕Nᴁ ѝ 4̆ ᴂᴁ N0̆ ᴁ N3̕ODᴁ ѝ 2̆ ᴂ

ᴁ OD0̆ ᴁ OD1̃̔  

&ÒÅÑͅ &ÒÅÑͅ ᶻ ᶻ ; 

- - ρzςψ- φzτ - σzς - ρzφ - ψz - τz - ςzȠ 

. . ψz . τz . ςz . ρzȠ 

./ ςᶻ Ƞ 

Э Ὠ Юΰэ ֒̔ 

1) ρ-(: ͺ υπ-(:Ƞ 

2) υππ-(: &ÒÅÑͅ .z/ ρυππ-(:Ƞ 

3) - ςȠ. ςȠ 

PLL pll_clkref_clk

bypass

M N OD

 

4-3 PLL  

GSC3281 Ьэ PLL   ḣ ̆ USB PHY

ᵏ 12MHZ ̆ а ḣ P̆LL Ԉ   600MHZȁ534MHZȁ500MHZȁ

468MHZȁ400MHZȁ333MHZȁ267MHZȁ200MHZ 8 а ̆ Ьэ

nfcle_clkcfg0ȁnfale_clkcfg1б nfren_clkcfg2_emioen̆ ԏ ᾳб   Ԉ

M/N/ODѮ Ὧ 4-3 Ȃ ̆ Ьэ

M/N/ODḣԈ ḣ̆ Ԉ   PLL   ȂPLL Ьэ

б╖ ̆ ԏ ᾳаֶ ╖ ᴳ Ȃ 

4-3 GSC3281 PLL ᾳ 

clkcfg[2:0][ 1] M/N/OD ḣ PLL   /MHZ[ 2] 

000 M=200,N=2,OD=1 600 

001 M=178,N=2,OD=1 534 

010 M=250,N=3,OD=1 500 

011 M=234,N=3,OD=1 468 

100 M=200,N=3,OD=1 400 

101 M=222,N=4,OD=1 333 

110 M=178,N=2,OD=2 267 

111 M=200,N=3,OD=2 200 

[ 1]̔clkcfg[2:0] ѝ{ nfren_clkcfg2_emioen, nfale_clkcfg1, nfcle_clkcfg0}̕ 

[ 2]̔ ὡ ѝ 12MHZ̕  

ұ ̆ ҩᴳ Ьэ ӊ 8 а PLL  

̆ Ԉ ֒ PLL SYSCTL_PLL_FREQ ѝ ̆ з

֒ PLL ִἼ ұ ȂSYSCTL_PLL_FREQ ѐꜛ

ҩMȁNб OD ̆ ₥ Ὠ Ȃ ֒ SYSCTL_PLL_FREQ
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PLL   ̆PLL ֶ ╟ 0.7mŝ 12MHZ ᾳЮ̕

ὲӹ ̆‡ ̃ ᴁ ̆PLL ᴁ Ѯ ̆GSC3281

ᴐ PLL ѮЮȂ 

ҩ PLL ұ PLL   ̆ ֒ Ԉ PLL ⁸б

SYSCTL_PLL_CSR PLLб PLL ұ Ȃ 

4.5.3   

₥ ̆GSC3281 ᾃ PLL  ̆

ԏ  Ὧ 4-2 Ȃ а ̆ Ҿ  ̆

Ҿ ṝ   έ̆ᴇ ᾳ э  Ȃ

ѐ̆ а Ԉ ȁ╖ ̆ Ԉ Уэ

PLL ̕ PLL ̆ а ⁞  Ԉӊ

Ȃ ҩ ע ̆ ѐ҂ Ԉ  ̆R

ᴂ Ὧ Ԉ῏ ╖ Ȃ 

ұ  ḣ coeff̆ GSC3281  бṝ  ḣ Ю

Ὠ ̆ὲѐ  а У ᾳȂ 

&ÒÅÑ ͺ

&ÒÅÑ

ÃÏÅÆÆρ
Ƞ 

&ÒÅÑͅ
&ÒÅÑ

ςz ÃÏÅÆÆρ
Ƞ 

 GSC3281 ᵏҩ Уэ╖ ᴳ ⁸̆ Ԉ ֒ Ὧ

Уэ╖ Ȃѝҩ ᶑ  ᴐ̆  ̆

Ю Ьэ ̔ 

1) ᴳ ⁸ ̆ ᴁ SYSCTL_MOD_CTL1[4]1̕ 

2) Ὧ ᴳ ᴁ̆ ᴳ ᴁᾗ 0̕ 

3) ᶢ  ̕ 

4) ᴳ ᴁ̆ ᴳ ᴁ 1̕ 

5) Ὧ ⁸ ̆ ᴁ SYSCTL_MOD_CTL1[4]ᾗ 0̕ 

ұ AHB ұ ᴐ ̆ ֒ ᴳ ⁸ᴁ̆ ԈЭ

а ұ AHB hclk ̆ ֒ hclk Ȃ 

4.6 ᴁ  

4.6.1 ᴁ  

GSC3281 УὭ Ὡ ᴁ ̆ꜛ Э ᴁȁ ὡ ᴁȁ

ᴁȁ ֒ ᴁȁ ֒ ᴁԈ EJTAG ᴁ̆ 4-4  ҩGSC3281

ѐ ᴁӊ ᴇ Ȃ 
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lock

control
reset

controlchip_softrsetn

ejtag_resetn

wdt_resetn

module_resetn

por_resetn
PORVDD

sys_rstn

module_clk

module_softresetn
 

4-4 GSC3281 ᴁ  

ѝҩ ᴂ ̆GSC3281 ᾃ ҩЭ ᴁ ȂPLL Э Ѯ ̆ᾃ

VCO У Ԉ  ̆ э PLL   Ѯ Ԉ

ᴐ̆ Ѯ₥̆ᾃ ұ ᴁ Ԉ ὁ а ᴐȂѝҩ ᶑ

Э ᴁѮ PLL ұ ̆GSC3281 Э ᴁ ҩ 4-4 ⁸

̆ Ԉ Э ᴁѮ ᵏ ᴁ̆ ᶑҩ ᴁ Ѯ PLL

ᴐȂ 

4-4 ᴁ ѐ̆sys_rstn ӱ ὡ ᴁᶕ ̆ ұ

╟ ᴁ̆҂ Ԉ Э ᴁ ̕ ұ GSC3281 ᾃ ҩЭ ᴁ ̆

ѐ Ԉаᾋᴳ sys_rstn ᴁᶕ Ȃwdt_resetn

ᴁᶕ ̆ э ᴳ ̆‡ wdt_resetn аֶ ᴐ ȂEJTAG

ᴁ ejtag_resetn ұ EJTAG TAP⁸ ̆ ў ejtag_resetn ⁸ ᴁ э

Ȃ ֒ ᴁб ֒ ᴁ‡ ұὤ э ֒ ᴁȂ ҩ

֒ ᴁѮ ̆ὲᴍҷэ ᴁ ѐ ֗ᴉУэ ᴁᶕ Ԉ ᴁ э Ȃ 

4.6.2 ֒ ᴁ 

4-4 ᴁ ̆GSC3281 ᵏҩ б ч ֒ ᴁ̆ У

ᵳ ֒б ȂGSC3281 ᵏҩчэ ֒ ᴁ SYSCTL_MOD_SRST0б

SYSCTL_MOD_SRST1̆ ֒ чэ Ԉӊ ֒ ᴁȂ 

֒ ӊ ֒ ᴁ ĞSC3281 э ὤ ᴁ̆ ֒ ӱ

Ȃ ֒ э ֒ ᴁ ̆‡ ᴁ ὲ̆ӹ аֶ

 Ȃ 

SPI flash ╟ ᾳЮ̆ ᴐ ᴳ  NAND flash ⁸ ѝ̆ҩ ᶑ

NAND flash ⁸ ᴐ̆ ֒ ᴳ Ѯ₥ NAND flash ⁸ У

֒ ᴁȂ 

4.7 ╖  

GSC3281 ᵏҩУ ‟ ֒ᴂ╖ Ԉ ᴂ ╖ ὲ̆ѐ ֒Э Ԉ

ᴂ╖ ꜛ Ὧ ȁ ᴂὤ ╖ ȁ֭ ̕

έᴇ ̆ ֒Э ֒ ᵏ У ‟╖ עִ ̆ Ԉ ᴂ э

╖ Ȃ 
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4.7.1 Ὧ  

GSC3281 ѐ̆ ҩ AXI б AHB ᶑ ᴐ ̆ ὲӹ

Ԉ ֒ ᴳ бὯ ̕ Ὧ Уэ Ѯ ̆ ╖ Ѯ ̆ аᾋ ֗

ᴉ Ȃ эέᴇ ̆У ԈὯ ̆ У ѐ

аֶ ұ ̆ Ҿ ұа ̆ ԈὯ Ҿ

̆ᴿ Уэ ṝ ̆‡ Ὧ ᴂ╖ Ȃ 

4.7.2 ᴂ  

GSC3281 ᾃ PLL   У   ΰ̆ѱ

Ԉ  ⁸̆ PLL ҂ Ԉ ֒ ⁸̆

а ̆ Ԉ PLL Ԉ ⁸̆G

ᴂ ̆ а Уэ ѮЮ̆ Ԉ

GSC3281 ╖ ᶑ Уэ ᴂ Ȃ 

Ҿ╖ У ᶑ ᴐ Ԉ ╖ ת̆ ᴿ

ּ ᴐ ὤ ὲ̆ӹ ұ а ὤ

̆ ѫ Ԉ ᴂ ᴐ ̆G Ѯ ᴂ ‡̆

Ԉ ᴂ╖ ╖ Ȃ 

4.7.3 ֭  

GSC3281 CPU ֭ ԇWAIT C̆PU ὡ֭ C̆PU Ὧ ̆

аᾋ ֗ᴉ ԇ̆ ֶ ╖ ̕ CPU ὡ֭ ̆֗ᴉѐ

Ԉ CPU C̆PU  ֭ ѐ ̕ 4-5  ҩ б֭

Ѯ Ȃ 

NORMAL WAIT

run WAIT instr

interrupt
 

4-5 GSC3281 ֭  

WAIT ԇ ̆ CPU ὡ֭ Ѯ₥̆ WAIT ԇѮ₥ ԇ ֶ

̆ WAIT ԇѮ ԇ аֶ ̆ Ҿ WAIT ԇѮ ԇ

CPU  ֭ Ѯ Ȃ WAIT ԇ • ѐ ̆‡ CPU аᾋ

ὡ֭ Ȃ 

CPU Ю WAIT ԇ ‟ ὡ֭ ̔ 

asm volatile(ά.set mips3έ); 

asm volatile(άwaitέ); 

asm volatile(ά.set mips2έ); 

ѝҩᴳ CPU ὡ֭ ѐ  ֭ ̆CPU

WAIT ԇѮ₥ ѐ ╖ Ԉ ѐ ⁸ ѝУэ Ȃ 

GSC3281 ѐ ⁸ Ԉ Ю  ѐ ̆ CPU

ὡ֭ Ѯ₥ ԈὯ ѐ ⁸ Ԉ У ᴂ╖ Ȃ э╖ Ԉ
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Ὧ ᾳЮ Ү֒  ѐ ̆R Ԉ Ὧ ᾳЮ

ᶕ   ѐ ‡̆ ᾳЮ C̆PU ὡ֭ Ѯ₥ ԈὯ Ὧ

̆ GSC3281 PLL ȁAXI б AHB ұ

ᴐ ̆ э ұУ ᴂ╖ Ȃ э ѐ ̆R ҩ

ѐ ‡̆ CPU  ֭ ̆ ᾳ Ȃ 

4.8 IO  

GSC3281 ҩ IO ̆ Уэ а Ю

Ԉ ֒ ᴐа ╖ έ̆ᴇ ᾳ GSC3281 ᾊѐľ  Ŀ

У Ȃ 

╟ У ╟ ̆ IO ╟ ѝ

╖ ̆R NAND Flash ╟ ̆ б NAND Flash IO ╟

ѝ NAND Flash ╖ Ȃ ╟ Ὧ ѝ ╟╖ Ԉ JTAG Ὧ ѝ JTAG

╖ Ѯ ̆ IO ᴁѮ ╟ ѝ GPIO ╖ Ȃ 

Ҿ IO ѝ э╖ ̆ SYSCTL_IOMUX_CFG0б

SYSCTL_IOMUX_CFG1чэ ̆R SYSCTL_IOMUX_CFG0 25ᴁ

ѝ 1̆‡ pwmout5_i2sclkȁemicsn1_i2ssdi_pwmout1ȁsim1vccen_i2ssdoȁemicsn0_i2sws

э ⁞ᴳ ѝ I2S i2s_clkȁi2s_sdiȁi2s_sdoȁi2s_ws╖ ̕ ̆Уэ

֗ ₂ ᴐУэ╖ ̆ᴿ ᴳ I2S╖ ᾰͅ а ᾋᴳ EMIȁPWMȁ

SIM 1 ╖ ̆ У ֒ ᶑ ̆ ‡ а Ȃ 

GSC3281 ч ╟ ̆ ╟ ̆SYSCTL_IOMUX_CFG0 б

SYSCTL_IOMUX_CFG1 ѐ ᴁ ᴁ ╟ ᴁѝ 1̆ Ὧ ╟

ѝ ╖ ̆ᴿ NAND Flash ╟ ̆SYSCTL_IOMUX_CFG0 nfc_sel

ᴁ ᴁѝ 1 N̆AND Flash ⁸ 14э nfwen_emiwenȁnfrnb_emirdyȁ

nfdat0_emid0 ╟ ѝ NAND Flash╖ ̕ ╟Ѯ ̆ ╟ Ὧ

ѝὲӹ ╖ ‡̆аӨ SYSCTL_IOMUX_CFG0 б SYSCTL_IOMUX_CFG1

ѐ ╖ IOᴳ ᶕ ѝ 1̆ ╟╖ IOᴳ ᶕ ѝ 0̆

ᶑ Уэ ֗ ₂ ᴐУэ╖ ̆ᴿ NAND Flash ╟Ѯ ᴳ EMI

̆ nfwen_emiwenȁnfrnb_emirdyȁnfdat0_emid0 Ἴ ᴐ NAND Flash ⁸

ᴐ EMI ̆‡ ᴳ EMI Ѯ₥̆ ֒ SYSCTL_IOMUX_CFG0

emi_wrd_sel ᴁԈ SYSCTL_IOMUX_CFG1 emi_a38_selȁemi_a02_selȁ

emi_csn2_selȁemi_csn1_selȁemi_csn0_sel ᴁ ѝ 1̆ SYSCTL_IOMUX_CFG0

nfc_sel ᴁ ѝ 0Ȃ 

ѝҩ ̆ Ҿ╖ ᶕ Ԉ э ὡ  ̆R UART3

UART4 ᶕ ч ὡ   ŬART5 txeᶕ Ԉ чэ

 ̕ ᴳ ̆ ֒ SYSCTL_IOMUX_CFG0б SYSCTL_IOMUX_CFG1

ᴳ ὲѐ У ̂э̃ ̆ὲᴍ ⁞ ‡ ᴐὲӹ╖ Ȃ 

4.9  

CPU ̂ а ̃ ̆GSC3281 ᾃ Уэ

ѐ C̆PU  ѐ Ѯ Ȃ ѐ ѐ ᶑ

⁸ SYSCTL_BUS_ERR ѐ̆CPU ὲ ѐ
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ѐ Ȃ 

4.10  

GSC3281 ѐ Уэ╖ ὲ̆ѐ ꜛ

╖ ᾃ ҂ת̆  ╖ ⁸ ̆ ᴳ

╖ ̆ Ҿ ҂ Ȃ Ҿ ╖ ў ꜛ ̔ 

 ̧ Watchdog ֭̔ Ю ᴳ watchdogȁ ֒ ṃ watchdogԈ watchdog

̕ 

 ̧ NAND Flash ⁸ ̔ᾃ 4KB ᾰּש ֒ ⁸ᴳ ᴁ̕ 

 ̧ DDR2 ⁸ ̔а ў AHB INCRּ ̕ 

 ̧ UART7 ̔ UART7 ѝ ╖ ̕ 

 ̧ ADC ̔ADCG ̕ 

 ̧ USB PHY ̔USB PHY ̕ 

 ̧ ̔SCI0/1   ̕ 

4.11  

₥ ᾊ а ᵏ Ȃ 

4.12  

₥ ᾊ а ᵏ Ȃ 
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5 DDR2 ⁸  

5.1  

GSC3281 DDR2 ⁸ ⁸ б PHYч  ὸ̆ JEDECὯұDDR2 SDRAM 

JESD79-2F Ȃ 

⁸ ў Ю̔ 

 ̧ ᴐ ѝ 533MHZ̕  

 ̧ ᾃ ѝ 256MB̕  

 ̧ 16ᴁᴁ ᾃ ̕ 

 ̧ Уэ rank ᾃ ̕ 

 ̧ Burst ѝ 4 8 ᾃ ̕ 

 ̧ AXI AHBчэў ̕ 

 ̧ PHY ֒ Ȃ 

5.2  

5-1 DDR2 ⁸  

  
Э  

Ю  
╖  

DDR2 ⁸  

cke O  DDR2 ᴳ  

ck O  DDR2 ᶕ  

ckb O  DDR2 ᶕ  

odt O  DDR2 ODTᶕ  

csb O  DDR2 ᶕ  

rasb O  DDR2 ᶕ  

casb O  DDR2‟ ᶕ  

web O  DDR2ᾗᴳ ᶕ  

dm0 O  DDR2 0ᴁ 

dm1 O  DDR2 1ᴁ 

addr0 O  DDR2 0ᴁ 

addr1 O  DDR2 1ᴁ 

addr2 O  DDR2 2ᴁ 

addr3 O  DDR2 ᴁ 3ᴁ 

addr4 O  DDR2 4ᴁ 

addr5 O  DDR2 5ᴁ 

addr6 O  DDR2 6ᴁ 

addr7 O  DDR2 7ᴁ 

addr8 O  DDR2 8ᴁ 
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Э  

Ю  
╖  

addr9 O  DDR2 9ᴁ 

addr10 O  DDR2 10ᴁ 

addr11 O  DDR2 11ᴁ 

addr12 O  DDR2 12ᴁ 

addr13 O  DDR2 13ᴁ 

ba0 O  DDR2 BANK 0ᴁ 

ba1 O  DDR2 BANK 1ᴁ 

ba2 O  DDR2 BANK 2ᴁ 

dq0 B  DDR2 0ᴁ 

dq1 B  DDR2 1ᴁ 

dq2 B  DDR2 2ᴁ 

dq3 B  DDR2 3ᴁ 

dq4 B  DDR2 4ᴁ 

dq5 B  DDR2 5ᴁ 

dq6 B  DDR2 6ᴁ 

dq7 B  DDR2 7ᴁ 

dq8 B  DDR2 8ᴁ 

dq9 B  DDR2 9ᴁ 

dq10 B  DDR2 10ᴁ 

dq11 B  DDR2 11ᴁ 

dq12 B  DDR2 12ᴁ 

dq13 B  DDR2 13ᴁ 

dq14 B  DDR2 14ᴁ 

dq15 B  DDR2 15ᴁ 

dqs0 B  DDR2 0ᴁ 

dqs1 B  DDR2 1ᴁ 

dqsb0 B  DDR2 0ᴁ 

dqsb1 B  DDR2 1ᴁ 

vcc18 I  DDR2 (1.8V) 

vss I  DDR2  

5.3 ╖  

DDR2 ⁸ 5-1 ̆ꜛ ⁸ DDR2 PHYч ̆ ԏ

DFI Ȃὲѐ̆ ⁸  ᾃ ᶕ ⁸ȁ ע ‟ ⁸Ԉ

ᾃ ԇ ̕PHY  б DDR2 Ӈҵ̆ѝ ῆ

ᵏᶑ Ȃ 
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XPI

ԛ DDR2 PHYXPI

SIU

A2X ⁸

Port0 

AXI

Port1 

AHB

APB

DDR2 ⁸

ᾃ
DFI Memory

 

5-1 DDR2 ⁸  

5.3.1 DDR2 ⁸  

ᾃ ⁸ чэў ̆⁞ Port 0 AXI Port 1 AHB ̆ ᴁ

ѝ 32ᴁȂὲѐ AXI б ѐ ̆ XPI AXIᶕ ѝע

ᾃ ꜛ̕AHB ᴳ AHB б ѐὲ ᴳ ᾃ ̆ ꜛ У

э A2X ̆ AHBᶕ AXIᶕ ̆ XPI AXIᶕ ѝע

ᾃ ꜛȂᾃ ⁸ 32ᴁ APB ̆  ֒ ἷ SIUȂ 

5.3.1.1  

⁸ Ὥ э ὡ̆⁞ ddr2_clkȁaclk_ddr2ȁhclk_ddr2 pclk_ddr2Ȃ

ὲѐ ddr2_clk ᾃ ᴐ ̆ ⁸ DFIᶕ ұ a̕clk_ddr2 Port0 AXI

ὡ ăclk_ddr2 ddr2_clkέ ̆ ұ aclk̕ hclk_ddr2 Port1 AHB

ὡ ̆ ұ hclk̕ pclk_ddr2 APB ὡ ̆ ұ APB ̆

ұ pclkȂ 

5.3.1.2 XPI 

XPI AXI ̆ў ȁ ̆

5.3.1.6 Ӯ Ȃ ꜛ ԈЮΰэ ̔ ӊ ȁᾗ ӊ ȁ

ᾗ ӊ ȁ ӊ ᾗ ӊ ̆ Ҿ╖ ⁞ֶ  ‟ȁ

ᾗ ‟ȁ ‟ȁᾗ ‟ ᾗ ‟̆ ԏ 5-2 Ȃ 

5-2 XPIѐ ‟  

AXI Port 0 ‟  4 

AXI Port 0ᾗ ‟  4  

AXI Port 0 ‟  10  

AXI Port 0ᾗ ‟  10  

AXI Port 0ᾗ ‟  10  

AHB Port 1ᾗ ‟  2  

AHB Port 1ᾗ ‟  10  

AHB Port 1 ‟  4  

AHB Port 1 ‟  64  
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5.3.1.3 AHB  

AHB έ ᾃ ╖ ̆ ᴐ а INCRּ ̂hburst_1=1̃

ֶ̆ ὡ hincr_arlen_1 ᶕ ӱᾃ ѐ У ̆ӱ ּ Ȃ

ὡᶕ hincr_arlen_1 AHB э ̆ log2 ̆ᴿ 0Ԇ

1э AHB ̆1Ԇ 2э AHB ̆2Ԇ 4э AHB ̆ᵑ Ȃ

Ԉ ḣа 1K ̆ Ԉ hincr_arlen_1 ѝ log2(1024/(AHB ᴁ

/8))̆ ѝ 8Ȃ а INCRּ ╗Э 1K ̆ AHB

̆AHB masterаֶ 1K ּ ̆‡ AHB  1K

э Ȃ 

а INCRּ Ю ұ ּ̆ ֶ ᴂ̆

ѝ Ҿа ֶӱᾃ ѐ   ̆ᾋ ⁸ ╟х ̆ Ԉ

hincr_arlen_1 Ȃ ѐ 6э AHB master  DDR2 ⁸ AHB

̆⁞ USBȁMACȁNAND flash ⁸ DMĂ Ԉ ⁸

SYSCTL_DDR2_CFG э AHB master ᴐ hincr_arlen_1ḣȂ 

5.3.1.4 ԛ  

Ӯ έᴇ ԛ Ѯ₥ ἼӮ УЮ ⁸ QoŜ quality of servicẽ Ȃ

DDR2_PCFG_n.qos_clasŝnѝ 0 1̆Ԇ ̃ Ԉ QoS ̆

DDR2 ⁸ Ԉѝ э Уэ QoS ̆҂ Ԉ ֒ ╟

QoS Ȃ 

⁸ ч QoS ̆⁞ Low latency(LL) Best effort(BE)ȂLL ұ

ִἼ ּ ̆ᴿ CPU cache missesȂ ⁸ ֶ э QoS

עִ ת̆ чэִἼ Ѯ  ̆ עִ ֶ῏ ̆ ѝ ѝҩ

₂ ִἼ ̆ DDRᾃ ‾ ̆ᴿ ̆ѝҩ LL page miss

ԇ BE page hits ԇȂ 

ԛ Уэў ᵑ QoS ̆ чэ ּ ԇ ԛ ̆

ᵑ ԛ Bankԛ Ȃ 

 ̧ ԛ  

ԛ чэ ᾗ ԛ  bank ‟Ȃ 

Ἴ ᾗԛ ̆ э ᾗ ԇ ѝУэ ̆ Ԉ

DDR2_PCFG_n.dir_grp_cntѬ ȁᾗ ԇэ Ȃ э ȁᾗ

ԇ  ̆ᴳ simple round-robin а ԇ  ̕ У

У ԇ̂ ᾗ̃ ̆‡ ּ ЮУ Ȃ 

̆ QoS ԇ ‟чэ‟ ѐ̆Уэ LL‟ ̆Уэ

BE‟ ִ̆Ἴ LL‟ ѐ Ȃ BE‟ ѐ ԇ У ԛ ̆‡

ֶ ṃ LL ‟ ᴐ BE ‟ У ԛ ̆

DDR2_CCFG.timeout_qos Ȃ 

̆ᴳ Deficit Round Robin ₥‟ ԇ ԛ ̆ 

bank ‟Ȃ э  ̆ӱ ԛ э ̆έᴇ

аᴐ Ȃ э DDR2_PCFG_n.quantum Уэ ̆Ԇ ҩ

ѐ ֙ ̆ э Ѯ Ȃ 
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 ̧ Bankԛ  

 Bankԛ э bank ‟ ԛ ȂDDR2ᾃ 8э bank̆ э bank ᾗ

Уэ ‟̆ ԈὭ 16э Bank ‟̆ э ‟ ѝ 4̆ Ԉ 4э ԇȂӱ

ԛ ּ ԇ ὲ bank ᾗ ὡ bank ‟ѐȂ 

 Bankԛ Ἴ э ԇ QoS ִ̆Ἴ ╘ LL bank ‟Ȃ Уэ

LL ԇ ὡУэ bank ‟ ̆‡ э bank ‟ ѝ LL ⁞̆ LL ԇֶ

У bank ‟ BE ԇѮ Ȃ 

 У QoS ⁞ѐ̆bankԛ Ю ѐ ִἼ ԛ ̆ὲѐ 1ѝ

ִἼ ̆ ḣ ִ̆Ἴ ᴂȂPage hit ԇбЭУэ ԇ ұ Уэ pagĕ

̕Page miss ԇбЭУэ ԇ ұа pagĕ а Ȃ 

5-3 ԇ ִἼ  

ԇ  У bank а bank 

Read 
Page hit 1 2 

Page miss 6 5 

Write 
Page hit 3 4 

Page miss 8 7 

5.3.1.5 ⁸ 

⁸ -ў ꜛ ⁸̆ ⁸ ּ ̆ӱ ᾃ

ᾗ ‟  Ȃ DDR2_PCFG_n.bp_rd_en/ bp_rd_en̆ Ԉ⁞ ᴳ ȁᾗ

ᴐ ⁸ Ȃ 

ұ ԇ̆ ֶ ẏ ̆ ‟

̆‡ ⁸ аֶ ԇּ ᾃ Ȃ ᴳ ⁸ ̆ ⁸

ֶ XPI rreadyᶕ ̆ Ԉ master ᶑ ready ̆

‡  Ȃ 

ұᾗ ԇ̆ᾃ ᾗ ᾗὡᾗ ‟ ֶ ЮУэᾗ ԇּ ᾃ ̆

̆ ֶ ᾗ ẏ ̆ ᾗ ‟ ᾗ ̆

‡ ⁸ аֶ ᾗ ԇּ ᾃ Ȃ ᴳ ⁸ ̆ ⁸ ֶ

XPI breadyᶕ ̆ Ԉ master ᶑ ready ᾗ ̆ ‡ 

Ȃ 

ѝҩ ὤ AXI ̆ ̂aclk_ddr2 hclk_ddr2̃ ᴂұ ⁸

̂ddr2_clk̃ ̆ ᴳ Ȃ master ᶑ ready

ᾗ ̆ з ұ ұ ⁸ ̆ Ԉаᴳ Ȃ

ұ AHB ̆ master ȁᾗּ BUSY ̆҂ ᴳ ȁᾗ Ȃ 

5.3.1.6  

₥ ᾃ ᴁ 5-4 ̆Rankѝ 1эȂ 

5-4 б JEDECὸ ᾃ ᴁ  

Density I/O Bank width Row width Col width ᴁ  

2Gb x16 3 14 10 27 

⁸  SDRAMᾃ rankȁbankȁrow column ᴁ
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ЭȂ DDR2_DCFG.add_mapԈ 3 ̆ ұ ₥ Rank

ѝ 1̆ ұ roŵ addr_map=3Ωb000̃ ұ bank ̂addr_map=3Ωb001̃

ч ̆έᴇ 5-5 Ȃ 

5-5 ᾃ  

ᾃ  
Addr 

ұ row ұ rank 

Col Addr[10:1] Addr[10:1] 

Row Addr[24:11] Addr[27:14] 

Bank Addr[27:25] Addr[13:11] 

5.3.1.7 ᴐ  

⁸ ⁸ ꜛ ҩ ⁸ ᴐ ў̆ ᾃ  ע ‟ ⁸ ᾃ

ᴐ ԇ̂ꜛ ȁᾗȁ Ἱ ⁹ ̃ Ȃ 

⁸ ᴐ 5-2 ̆ꜛ Init_memȁConfigȁAccess Low_power э

Ȃ DDR2_SCTL̆ Ԉ ⁸ ֗ Ȃ 

Init_me

m

CFG

GO CFG

SLEEP

WAKEUP

reset

Config

Access Low_

power

INIT

 
5-2 ⁸ ᴐ  

 ̧ Init_mem 

ᴁ ╟ ὡ Init_mem ̆ Ю Ԉ ᾗ ȁ ⁸

ᾃ  Ȃע ᾃ а ⁹ ̆ ԈѮ₥ᾗὡ х ȂInit_mem

ұ ֒ ᴁ ṃ ⁸ Ҿ ╟ ⁸ᾃ ╖ ̆R ṃ ╟

⁸ᾃ Power Down ⁹ ╖ Ȃ 

 ̧ Config 

ұ ⁸ ᾃ ּ ᴐ̆ ̆ ֒ Ԉ ⁸

ᾃ Ȃ ⁸ э ֶᶑ ᾃ ⁹ ᴐȂ 

 ̧ Access 

Ю̆ ⁸ ԇ ע ᾗᾃ ԇ̆ ӊ ⁹ ԇ̆

 ̆ ⁸ ╟ ⁸ᾃ ὡ Power Down ⁹ ̆ 

ּ ᴐȂ Access ̆ ҩ DDR2_SCFG DDR2_SCTL ̆а ὲ

Ȃ 

 ̧ Low_power 

Ю̆ ⁸ а ӊ ⁹ ᴐ̆ᾃ ұ ⁹ Ȃ 



GSC3281 ᾊ 

ӏא                     Ὠ                111  

5.3.1.8  ע  

⁸ Init_mem ⁸ бᾃ  ὲ̆ע У ‟

ᾗ ᴐ ̆ Ҿ ˻  Ȃ Ȃέᴇ ‟ Ю̔ 

1. ⁸ ᴁ̆ ̆ DDR2_TOGCNT1UȁDDR2_TOGCNT100N DDR2_TINIT

̕ 

2. DDR2_MCFG Ԉּשᾃ ̕ 

3. DDR2 PHY ע ̂ DDR2_DFISTSTAT0 ᴂᴁѝ 1̃̕  

4. ⁸ ὲ ̆ ᾃ ̕ 

5. DDR2ᾃ  ע ̆ DDR2_MCMD ̕ 

1) ᾗ Deselect ԇ DDR2_MCMD ̆ 400ns̕  

2) DDR2_MCMD.start_cmd = 0̕  

3) ᾗ PREA ԇ DDR2_MCMD ̆ DDR2_MCMD.start_cmd = 0̕  

4) ᾗ MR2 ԇ DDR2_MCMD ̆ DDR2_MCMD.start_cmd = 0̕  

5) ᾗ MR3 ԇ DDR2_MCMD ̆ DDR2_MCMD.start_cmd = 0̕  

6) ᾗ MR1 ԇ DDR2_MCMD ̆ DDR2_MCMD.start_cmd = 0̕  

7) ᾗ MR ԇ DDR2_MCMD ̆ ұ DLL Reset̆ DDR2_MCMD.start_cmd = 

0̕ 

8) ᾗ PREA ԇ DDR2_MCMD ̆ DDR2_MCMD.start_cmd = 0̕  

9) ᾗ REF ԇ DDR2_MCMD ̆ DDR2_MCMD.start_cmd = 0̕  

10) 9) У ̕ 

11) ᾗ MR ԇ DDR2_MCMD ̆ ұ ע ֒ ᴐ̆

DDR2_MCMD.start_cmd = 0̕  

12) 7) 200э ddr2_clk ̆ᾗ MR1 ԇ DDR2_MCMD ̆

ұ OCD ῆ̆ DDR2_MCMD.start_cmd = 0̕  

6. DDR2_SCTL ̆ᴳ ⁸  Config ̕ 

7. У ⁸ ̕ 

8. DDR2_SCTL ̆ᴳ ⁸  Access Ȃ 

5.3.2 DDR2 PHY  

GSC3281 DDR2 PHY DFI б ⁸ ̆ Memory бᾃ

Ȃ чэ ᴐ ̆⁞ У᷁ dfi_clk1x ч᷁ dfi_clk2x̂

ddr2_clk ddr2phy_clk̃ ̆ ѝ 533MHZ̆ ч᷁ ѝ 533MHZȂ 

GSC3281 DDR2 PHYέ Ю ̔ 

1. DDR2 PHYᾃ ᴁ  

2. DQSᶕ ᴁ  

5.3.2.1 Э ᴁ  

5-3 ̆DDR2 PHYЭ ᴁ ̔ 

1. phyreg_rstnᶕ ᴁ PHY ̕ 

2. Ԉ DDR2 PHY ̕ 
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3. phyreg_rstn ᴁѮ чэ ̆ sys_rstn ᴁ PHY̕  

4. 2000э ̆dfi_init_completeᶕ ̕ 

5. DDR2 ⁸  ע ᾗ Ȃ 

phyreg_rstn

sys_rstn

dfi_init_complete

>2 cycles

2000 cycles

Ԉ

PHY

 

5-3 DDR2 PHYЭ ᴁ ‟ 

̆ PHY ̆ sys_rstn ᴁУ Ȃέᴇ

Ю̔ 

1. PHY ̕ 

2. ᴁ SYSCTL_MOD_CTL1[4]1̆ᴳ ⁸ ̕ 

3. ᴁ SYSCTL_MOD_SRST1[9]1̆ ᴁ sys_rstn̕  

4. ᵑ ᴁ SYSCTL_MOD_SRST1[9]SYSCTL_MOD_CTL1[4]ᾗ 0̆Ὧ DDR2 PHY

ᴁ ⁸ ̕ 

5. dfi_init_completeᶕ ̂ DDR2_DFISTSTAT0 ᴂᴁѝ 1 Ȃ̃ 

5.3.2.2  

⁸ б PHYѮ DFI2.0 ӱ̆ DFI ᾃ ⁸ᶕ

tctrl_delay ̆ 5-4 Ȃ 
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DFI clock

dfi_cke

dfi_cs_n

dfi_ras_n

dfi_cas_n

dfi_we_n

dfi_address

dfi_bank

dfi_odt

dfi_reset_n

cke

cs_n

ras_n

cas_n

we_n

address

bank

odt

reset_n

tctrl_delay

DFI

memory

 

5-4 DFI ⁸ᶕ  

 ұᾗ ᴐ̆DFI ꜛ ᾗ ̂dfi_wrdatã ȁᾗ ̂dfi_wrdata_mask̃ ᾗ

ᴳ ̂dfi_wrdata_eñ ᶕ ̆Ԉ tphy_wrlat Ȃ 5-5 ̆dfi_wrdata_enᶕ

dfi ᾗ ԇ tphy_wrlat э ᴁ̕dfi_wrdata dfi_wrdata_mask

dfi_wrdata_en ᴁ Уэ Ԉ Ȃ 

DFI command

DFI

WR WR

D1 D1 D1 D1 D2 D2 D2 D2

WRWR

1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2

dfi_wrdata

dfi_wrdata_en

DFI clock

command

ᾃ

DQ

DQS

clock

tphy_wrlat

 

5-5 DFIᾗ ᴐ  
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ұ ᴐ̆DFI ꜛ ᴳ ̂dfi_rddata_eñȁ ̂dfi_rddatã

̂dfi_rddata_valid̃ ᶕ ̆Ԉ trddata_en tphy_rdlat ̆ὲѐ̆trddata_en Уэ ḣ̆

tphy_rdlat Ѭ Уэ ḣȂ 5-6 d̆fi_rddata_enᶕ dfi ԇ trddata_en

э ᴁ̆ ұ ԇ̆dfi_rddata_en Уэ ԇ trddata_enэ

ᴁ̆ ᶑ э ̕dfi_rddata dfi_rddata_valid

dfi_rddata_en ᴁ tphy_rdlatэ Ԉᾃ Ȃ 

DFI command RD

D1 D1

dfi_rddata_en

dfi_rddata_valid

DFI clock

dfi_rddata

trddata_en tphy_rdlat  

5-6 DFI ᴐ  

ѐ DDR2 PHY 5-6 ὲ̆ѐ RL=CL+AL̕ᾗ WL=RL-1̕

CL AL⁞ ᾃ CAS ╗ ̆ ⁸ DDR2_TCL DDR2_TAL

Ȃ 

5-6 DDR2 PHY  

 tctrl_delay tphy_wrlat trddata_en tphy_rdlat 

DDR2ᾃ  4 WL-1 RL-2 11 

5.4  

₥ ᾊ а ᵏ Ȃ 

5.5  

₥ ᾊ а ᵏ Ȃ 
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6 NAND Flash ⁸  

6.1  

₥ NOR Flash ẏ ֓ ̆ NAND Flash ẏ ̆ з NAND 

Flash҂ Ԉ ╟ ̆ NAND Flash ẏȂ  

GSC3281 Ԇ Ԉ ẏ NAND Flash ẏ Э̆ѝҩ NAND Flash ╟̆ 

GSC3281 NAND Flash ⁸ ѐ ҩУэᾃ BUFFERȂ ╟ ̆NAND Flash ⁸

NAND Flash ẏ ѐ 0 0 ╗  ⁸ ᾃ BUFFERѐ з ̕

Ԇ ֶ NAND Flashѐ ⅓Ю ᾃ ѐ̆ ̆CPU ֶ ᾃ

ѐ̆ Ԇ Ȃ 

6.2  

6-1 NAND Flash ⁸  

  
Э  

Ю  
 

nfce O - NAND Flash ᶕ ̆ᴂ  

nfcle O - 
ᶕ ѝ n̆fdata ּ

ԇ 

nfale O - 
ᶕ ѝ n̆fdata ּ

 

nfre O - 
ᶕ ѝЮ ̆ ӱ NAND 

Flash  

nfwe O - 
ᶕ ѝЭ ̆ nfdata

ᾗ ̆ ԇ 

nfrnb I Э  

ᶕ ѝᴂ N̆AND Flash

ұ busy ̆  

ᴐȁᾗ ᴐ ᴐȂ 

nfdata[0] B - 0 

nfdata[1] B - 1 

nfdata[2] B - 2 

nfdata[3] B - 3 

nfdata[4] B - 4 

nfdata[5] B - 5 

nfdata[6] B - 6 

nfdata[7] B - 7 
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6.3 ╖  

6.3.1  

ONFI 1.0  

6.3.2 ╖  

1. ᴂ╖  

2. ᾗᶑ  

3. ╟ 

4. ֒ ѝ 2KB 4KB 

5. ѝ 8ᴁ NAND Flash ẏ  

6. ֒ ECC̆ ᾃ(512B) 8bit  

7. DMA 

8.  

9. ֒  

6.3.3 ╖  

NAND Flash ⁸ ᾃ 6-1 ̔ 

ECC

FSM

ar bi t er

DMA

BI U
AHB

Wr apper
SL

AHB
Wr apper

MS

Cl k 
synt h

buf f er

hcl k

f l psm

f cl k

AHB 
sl ave

AHB 
mast er

NAND
f l ash

i nt er f ace

OCP

OCP

NAND Fl ash ⁸

 

6-1 NAND Flash ⁸  

AHB WRAPPER̔ AHB ᾃ Ȃ 

BUS Interface Unit̔ э ᾃ ּ ᾃ ⁸ ԇȂ ἵ CPU

⁸ ᾃ BUFFER Ȃᾃ BUFFER ѝ 4KB̆ AHB

BUFFER ᾗȂ ᴐ ѝ hclkȂ 

FSM Unit̔ ⁸ ѐ ў Ȃ ԇᾗὡ ԇ ̆ ⁸ὲӹ

֗╘Ȃ ҩ ў ̆ ꜛ У ╖ ̂Special 

Function Registers̃Ȃ Ҿ ╖ Ѭҩ NAND Flash ȁּ

̂ ᾗ̃ УҾὲӹּ Ȃ 

ECC̔ Ȃ Ԉ NAND Flashѐ 512B ѝ ᴁ̆ Ԉ
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8bit Ȃӱ NAND Flash ѐ У ̆NAND Flash ⁸ Ԉ ╟

ᴁ̆ ѐ ᴁ 8ᴁ̆ ⁸ а

ֶת̆ Ȃ 

DMA Unit̔ ╗ ּ ῏ ҩ host Ȃ Ԉӱ BUFFERּ

MEMORY̆ ҂ ԈӱMEMORYּ BUFFERȂ 

BUFFER Unit̔ᾃ BUFFER ѝ 4KBȂ NAND Flash ᴐ ̆

Ἴ BUFFER ̆ᾋ DMA AHB ּ MEMORY ὲӹ HOSTȂ

ᾗ ᴐ ̆ Ἴ HOST ᾗὡ BUFFER̆ ⁸ BUFFERѐ ᾗ

ὡ NAND Flash Ȃ 

6.3.4 ᾃ BUFFER 

ѝҩ ᴳ NAND Flash ⁸ ֒ б NAND Flash Ѯ ᾗ ᴐ̆

з DMA╖ ̆ NAND Flash ⁸ ѐᾃ BUFFER̆ 6-2 ȂBUFFER

э ѝ 8bit RAM ̆⁞ѝ buffer0ȁbuffer1ȁbuffer2 buffer3̆

ѝ 1088̆ Ḷ ⁞ѝ 0̆4̆8̆ŀŀ4348ȂCPU Ԉ AHB

BUFFER 1088э Ȃ Ḷ 0-4092 1024э ѝ DATAּש ̆

ѝ 4KB̆ Ḷ 4096-4220 32 э ѝ ECC0 שּ ̆ ѝ 128B̆ Ḷ

4224-4348 32э ѝ ECC1ּש ̆ ѝ 128BȂ 

ᴳ NAND Flash ⁸ ECC╖ ̆‡ ֒ ╟ ╖ ̆ ᾃ

BUFFER ECC0 ECC1ч שּ ֶ ᴳ Ȃ Ԉ ѝ 4KB NAND Flash ѝᴿȂ

NAND Flash ᾗ ᴐ ̆ ᾗ ₥ 512B ̆NAND Flash ⁸ ֶ

  512B ECC ̆ ѝ 13B̆ ẏ ECC0ּש ₥ 4э ̆

ᾗ ү 512B ̆ ECC ẏ ECC0ּש Ю 4э ̆

Ԉ ̆ ᾗ У 512B ̆ ECC ECC0ּש 4э

̆ NAND Flash ⁸ ᾋ э ECC0ּש ѐ ᾗὡ NAND Flash OOB

שּ Ȃ 
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ŀ
ŀ
ŀ

ŀ
ŀ
ŀ

ŀ
ŀ
ŀ

ŀ
ŀ
ŀ

buf f er 0

ŀ
ŀ
ŀ

ŀ
ŀ
ŀ

ŀ
ŀ
ŀ

ŀ
ŀ
ŀ

ŀ
ŀ
ŀ

ŀ
ŀ
ŀ

ŀ
ŀ
ŀ

ŀ
ŀ
ŀ

buf f er 1buf f er 2buf f er 3

8bi t

0

4

4092

4096

4220

4224

4348

8bi t8bi t8bi t

DATA

ECC0

ECC1

NAND

Flash
8bi t

CPU

DMA

32bi t

32bi t
or

16bi t
or

8bi t

 
6-2 ᾃ BUFFER 

ᴳ ECC╖ ᾳЮ̆ NAND Flash ᴐ ̆ э BUFFER

ֶ ᴳ Ȃ Ἴӱ NAND Flash ₥ 512B ̆ 512B ECC

̆ ẏ ECC1ּש ₥ 4э ̆ ү 512B ̆ ECC

ECC1ּש ѐ Ю 4э ̆Ԉ ̆ У 512B ̆

ECC э ECC1ּש Ȃ ӱ NAND Flash OOBּש ѐ

ECC  ECC0ּש Ȃ ECC0 ECC1ѐ ECC ̆ Ԉ ѐ

̆ 512B ѐ 8̆‡а ҩȂ 

NAND Flash ѝ 2KB ̆DATAּש ֶ ₥ 2KB ̆

б ̆ECC0 ECC1чэּש ҂⁞ ₥ 64B Ȃ 

̆ BUFFERб NAND Flash Ѯ ᶕ ̆ ᴁ 8bitȂ

BUFFERб CPU ᶕ̆ ᴁ 32bitȂ BUFFERб DMA ᶕ ̆

ᴁ NFC_DMACTRLѐ DMA_SIZE Ȃ 

6.3.5 BUFFERб Ὧ  

CPU ҩ NAND Flash ⁸ ᾃ ̆ ⁸ ᾃ

BUFFERȂ6.3.4 ᾃ BUFFERṁҩ Ӯ ̆DATA ѝ 4KB̆ ECC0 ECC1

ѝ 128BȂ 6-3 B̆UFFER NAND Flash ⁸

0X1C044000̆ ѝ 0X1C045300Ȃ 

̆BUFFERб У   а Ȃ 
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REG

DATA

ECC0

ECC1

BUFFER

unused

0x1C04_4000

0x1C04_5300

0x1C04_5000

0x1C04_5080

 

6-3 BUFFERб Ὧ  

6.3.6 DMA ᴐ 

NAND Flash ⁸ ᾃ DMA ╗ ּ ̆ ῏ ╒ȂDMA ᴳ

⁸ ᾃ BUFFERбGSC3281ѐ ֗ᴉMEMORY ӇҵȂ DMA BUFFER

̆ ӱ BUFFER ᴂ ̆ DMA BUFFERᾗ ҂̆ ӱ BUFFER

ᴂ Ȃ BURST ֒ ̆έᴇ Ȃ 

NAND Flash ⁸ б NAND Flash ᶕ ̆DMA ╗

ּ ̆Ю Ԉ ᾗ ᴐ ᴐѝᴿ έᴇ Ȃ 

ᾗ ᴐ ̆ Ἴ DMA Ὧ  ̆G ὲӱ MEMORY

 BUFFER̆ ⁸ ᾗ ᴐ̆ ᾗὡ NAND Flash ̆ 6-4

ȂὯұ ᾗ ᴐέᴇ 6.3.7.3 Ȃ 

NAND Flash ᾗὡУ ̆ Ԉ Ἴ NFC_DMAADDRȁNFC_DMACTRL

NFC_CNTRЬэ ̆ DMA ̆ BURST ̆ DMA_DIR

0̆ start_flag 1 DMA ̆ DMA_BUSYᴁ DMA

̆ Ѯ NFC_COMM ѐ ᾗ ԇ̆ У ᾗὡ NAND Flash

Ȃ 

NAND Flash ᾗὡ ̆‡ DMA ╟ Ȃ Ἴ

NFC_DMAADDRȁNFC_DMACTRL NFC_CNTRЬэ ̆ DMA ̆

BURST ̆ DMA_DIR 0̆ NFC_CTRL DMA_triggerᴁ

Trans_IEᴁ 1̆G DMA ὡ ╟ ̆ ╟ּ ѐ Ȃ NFC_COMM

ѐ ᾗ ԇ̆ DMA ̆ B̆UFFERѐ ╟

ᾗὡ NAND Flash ᾗ̆ Ѯ CPU  ⁸ ѐ C̆PU DMA Ὧ

̆ ᾋ NFC_COMM ѐ ᾗ ԇ̆ ⁸ ╟ DMA

ᾗὡ NAND Flash ̆ᵑ ̆ NAND Flash ᾗὡУ ̆
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CPU У Ȃ 

BUFFER NAND

Flash
MEMORY

DMA ᾗ

 

6-4 DMA ᾗ ᴐ 

ᴐ ̆ Ἴ ⁸ ᴐ̆ NAND Flash ѐ

ᾃ BUFFERѐ̆ DMA Ὧ ̆ᴳὲ BUFFERѐ ᾃ

MEMORY̆ 6-5 ȂὯұ ᴐέᴇ 6.3.7.1 Ȃ 

ӱNAND Flash ὡУ ̆ Ԉ Ἴ NFC_DMAADDRȁNFC_DMACTRL

NFC_CNTRЬэ ̆ DMA ̆ BURST ̆ DMA_DIR

1̆ NFC_COMM ѐ ԇ̆ У ӱ NAND Flash

ὡ BUFFERѐ̆ start_flag 1 DMA ̆ DMA_BUSYᴁ

DMA Ȃ 

ӱ NAND Flash ὡ ̆‡ DMA ╟ Ȃ Ἴ

NFC_DMAADDRȁNFC_DMACTRL NFC_CNTRЬэ ̆ DMA ̆

BURST ̆ DMA_DIR 1̆ NFC_CTRL DMA_triggerᴁ

Trans_IEᴁ 1̆G DMA ὡ ╟ ̆ ╟ּ ѐ Ȃ NFC_COMM

ѐ ԇ̆ ⁸ ӱ NAND Flash У  BUFFER̆

Ѯ DMA ╟ӱ BUFFERѐ ̆ ̆CPU  ╟ּ ѐ

̆ CPU DMA Ὧ ̆ ᾋ NFC_COMM ѐ

ԇ̆ ⁸ ӱ NAND Flash У ̆ DMA ̆ᵑ ̆

ӱ NAND Flash ὡУ ̆CPU У Ȃ 

BUFFER NAND

Flash
MEMORY

DMA

 
6-5 DMA ᴐ 

6.3.7 ᾗ ᴐ 

NAND Flash ⁸ ᴐ ԇ 6-2 ̆ ѐ ԇḣ ᾗὡ NFC_COMM

ḣ̆ ⁸ ֶ ԇḣ ONFI ѐ ԇ̆ 6-2ѐ ԇ

╗ ԇ ̆ ѐ ᾗ ᴐ ԇ ҩ Ὧ̆ұὲӹ ԇ

ONFI ̆ ѐ ᴐ ԇ Ȃ 

6-2 NAND Flash ⁸ ԇ 

 ԇ  ԇḣ 
ԇ

 

╗ ԇ
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1 Page Read 0x0030 0x00 0x30 
ӱ NAND Flash У

̆  BUFFERѐ 

2 Page Read 1 0x0130 0x00 0x30 ԇ  NAND Flash 

3 

Read for 

Internal 

Data Move 

0x0035 0x00 0x35h 
ԇ ̂4 5 ̃

NAND Flash 

4 
Random 

Data Read 
0x0005 0x05 0xE0h 

ԇ ̂2 ̃ NAND 

Flash 

5 Read Status 0x0070 0x70 - ԇ NAND Flash 

6 
Program 

Page 
0x0080 0x80 0x10h 

BUFFERѐ ᾗὡ NAND 

Flash 

7 
Program 

Page 1 
0x0180 0x80 - ԇ  NAND Flash 

8 

Program 

Page 

Cache 

0x0580 0x80 0x15 
BUFFERѐ ᾗὡ NAND 

Flash 

9 Write Page 0x0010 0x10h - ԇ NAND Flash 

10 Write Cache 0x0015 0x15  ԇ NAND Flash 

11 

Program for 

Internal 

Data Move 

0x0085 0x85 0x10 

ԇ 0x85̆

̂4 5 ̃̆ ԇ

0x10 

12 

Random 

Data Input 

for Program 

0x0185 0x85 - 
ԇ 2 NAND 

Flash 

13 

Random 

Data Input 

for Program 

1 

0x0585 0x85 - 
ԇ 5 NAND 

Flash 

14 Block Erase 0x0060 0x60 0xD0 ԇ  NAND Flash 

15 Reset 0x00FF 0xFF - ԇ NAND Flash 

16 Read ID 0x0090 0x90 - ԇ  NAND Flash 

Э ԇ ̆ ⁸ ў NAND Flash ԇ̆ 6-3 ̆

аṁ ̆έᴇ NAND Flash ᾊȂ 

6-3 NAND Flash ⁸ ԇ 

 ԇ  ԇḣ ԇ  ╗ ԇ  

Micron memories 

1 
Page Read Cache 

Mode Start 
0x1031 0x31 - 

2 
Page Read Cache 

Mode Start Last 
0x103F 0x3F - 

3 
Page Read Cache Mode 

Start 1 
0x1131 0x31 - 

4 Page Read Cache 0x113F 0x3F - 
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Mode Start Last 1 

5 Program Page 2 0x1280 0x80 0x11 

6 OTP Program 0x10A0 0xA0 0x10 

7 OTP Program 1 0x11A0 0xA0h - 

8 OTP Protect 0x10A5 0xA5 0x10 

9 OTP Read 0x10AF 0xAF 0x30 

10 OTP Read 1 0x11AF 0xAF 0x30 

11 Plane Page Read 0x1230 0x00 0x30 

12 Plane Page Read 1 0x1330 0x00 0x30 

13 
Plane Random Data  

Read 
0x1206 0x06 0xE0 

14 
Plane Random Data  

Read 1 
0x1306 0x06 0xE0 

15 Plane Page Program 0x1081 0x81 0x10 

16 
Plane Page Program  

1 
0x1181 0x81 - 

17 
Plane Page Read for  

Internal Data Move 
0x1235 0x00 0x35 

18 

Plane Page Program  

for Internal Data  

Move 

0x1285 0x85 0x11 

19 Plane Page Erase 0x1160 0x60 0xD0 

20 
Plane Page Read 

Status 
0x1078 0x78 - 

21 Write Plane Page 0x1011 0x11 - 

STMicroelectronics memories 

1 Cache Read 0x2031 0x00 0x31 

2 Cache Read 1 0x2131 0x00 0x31 

3 Cache Read 2 0x2231 - - 

4 Exit Cache Read 0x2034 0x34  

5 
Read Block Lock  

Status 
0x207A 0x7A - 

6 Blocks Unlock 0x2023 0x23 0x24 

7 Blocks Lock 0x202A 0x2A - 

8 Blocks Lock-Down 0x202C 0x2C - 

Samsung memories 

1 Program Page 2 0x0280 0x80 0x11 

2 
Program Page  

Cache 
0x0580 0x80 0x15 

3 Block Erase 1 0x0160 0x60 0xD0 

4 Plane Page Program 0x0081 0x81 0x10 

5 
Plane Page Program  

1 
0x0181 0x81 - 



GSC3281 ᾊ 

ӏא                     Ὠ                123  

6 Read EDC Status 0x007B 0x7B - 

7 Read Chip 1 Status 0x00F1 0xF1 - 

8 Read Chip 2 Status 0x00F2 0xF2  

9 Write Plane Page 0x0011 0x11 - 

6.3.7.1 ᴐ̂Page Read̃ 

⁸ NAND Flash ᴐ У ᴐȂ Ἴ

NFC_CONF ̆ Ȃ NFC_ADDR0L

NFC_ADDR0H ᴐ ̆ ұ ᴐ̆ Ԉ

Ȃ NFC_COMM ᾗὡ ᴐ ԇḣ 0x0030̆ 6-2Ȃ

⁸ ֶ ԇḣ 0x0030 ѝ ONFI ԇ̆ 0x00 0x30Ȃ 

6-6 ̆ ⁸ Ἴ ԇ 0x00 NAND Flash ̆ ̂4

5 ̆ NAND Flash ̃̆ ԇ 0x30̆ ⁸ ╟ӱ

NAND Flash У ẏᾃ BUFFERѐ̆ ECC╖ ᴳ ̆ ֶ

ECC Ȃ nfrnbᶕ ̆ ᴐ ȂCPU DMA Ԉ ӱᾃ

BUFFER У Ȃ 

0x00 ̂4 5 ̃ 0x30 ӱNAND FLASH
У  

6-6 ᴐ 

6.3.7.2 ᴐ̂Page Read 1̃ 

⁸ NAND Flash ҂ Ԉ ᴐȂ NFC_CONF ̆

Ȃ NFC_ADDR0L NFC_ADDR0H ᴐ

̆ NFC_COMM ᾗὡ ᴐ ԇḣ 0x0130̆ 6-2Ȃ

⁸ ֶ ԇḣ 0x0130 ѝ ONFI ԇ̆ 0x00 0x30Ȃ 

6-7 ̆ ⁸ Ἴ ԇ 0x00 NAND Flash ̆ ̂4

5 ̆ NAND Flash ̃̆ ԇ 0x30̆ CPU

NFC_DATA Ԉ ѐ Ȃ 

̆CPU Ԉ NFC_DATA ̆ӱ Ԉ NAND Flash

ѐ Э ȂCPU Ԉ ᾃ֗ э Ȃ 

 

0x00 ̂4 5 ̃ 0x30 NFC_DATA
 

6-7 ᴐ 

6.3.7.3 ᾗ ᴐ̂Program Pagẽ 

⁸ NAND Flash ᾗ ᴐ У ᾗ ᴐȂ Ἴ CPU

DMA NAND Flash ᾗὡ ⁸ ᾃ BUFFERȂ NFC_CONF
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̆ Ȃ NFC_ADDR1L NFC_ADDR1H

ᾗ ᴐ ̆ ұ ᾗ ᴐ̆ Ԉ Ȃ

NFC_COMM ᾗὡ ᴐ ԇḣ 0x0080̆ 6-2Ȃ ⁸ ֶ ԇḣ

0x0080 ѝ ONFI ԇ̆ 0x80 0x10Ȃ 

6-8 ̆ ⁸ Ἴ ԇ 0x80 NAND Flash ̆ ̂4

5 ̆ NAND Flash ̃̆ ӱᾃ BUFFER ̆

NAND Flash ѐᾗὡ ̆ ᾗ У ̆ ԇ 0x10 ᾗ ᴐȂ 

0x80 ̂4 5 ̃ 0x10NAND Fl ashᾗ
ᾗ У

ᾗ

 

6-8 ᾗ ᴐ 

6.3.7.4 ᾗ ᴐ̂Program Page 1̃ 

⁸ NAND Flash ҂ Ԉ ᾗ ᴐȂ NFC_CONF ̆

Ȃ NFC_ADDR1L NFC_ADDR1H ᾗ ᴐ

̆ NFC_COMM ᾗὡ ᴐ ԇḣ 0x0180̆ 6-2Ȃ

⁸ ֶ ԇḣ 0x0180 ѝ ONFI ԇ̆ 0x80Ȃ 

6-9 ̆ ⁸ Ἴ ԇ 0x80 NAND Flash ̆ ̂4

5 ̆ NAND Flash ̃̆ CPU NFC_DATA ᾗὡ ̆

NFC_DATA ֶ ⁸ ᾗὡ NAND Flash Ȃ 

̆CPU Ԉ NFC_DATA ᾗὡ ̆ Ҿ ֶ ⁸

ᾗὡ NAND Flash ѐ Ȃ 

0x80 ̂4 5 ̃ NFC_DATA ᾗ
 

6-9 ᾗ ᴐ 

6.3.7.5 ᴐ̂Block Erasẽ 

⁸ Ԉ NAND Flash У Ȃ Ἴ NFC_ADDR1L

NFC_ADDR1H ᴐ ̆ NFC_COMM ᾗὡ

ᴐ ԇḣ 0x0060̆ 6-2Ȃ ⁸ ֶ ԇḣ 0x0060 ѝ ONFI

ԇ̆ 0x60 0xD0Ȃ 

6-10 ̆ ⁸ Ἴ ԇ 0x60 NAND Flash ̆

̂3 ̃̆ ԇ 0xD0̆NAND Flash ̆ nfrnb

ᶕ ̆ ᴐ Ȃ 

0x60 ̂3 ̃ 0xD0
 

6-10 ᴐ 
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6.3.8 NAND Flash ╟ 

GSC3281 NAND Flash ╟Ȃ GSC3281 NAND 

Flash ╟̆GSC3281 Э ᴁѮ ̆NADN Flash ⁸ ֶ ╟ NADN Flash

ẏ 0 0 ╗  ⁸ ᾃ BUFFERѐ̆CPU BUFFERѐ

╟Ԇ Ȃ 

̆ ╟ ὡ ̆ECC╖ ᴳ ̆а ECC ̆ Ԉ

NAND Flash 0 0 а Ȃ 

NAND
Fl ash

buf f er

CPU ᴐ
╟Ԇ

╟ ὡ

NAND Fl ash ⁸

 

6-11 NAND Flash ╟ 

6.3.9 NAND Flash  

NAND Flash NAND Flash ⁸ б NAND Flash ̆ᴳч ᶕȂ

ҩ nfce nfrnb̆ὲᴍᶕ б NAND Flash ᴐ fclk Ȃ 

NAND Flash ԇ ȁ ȁᾗ ⁞ 6-12ȁ

6-13ȁ 6-14 6-15 ̆ ѐ NFC_CONF Ȃ 

TWP

TWH

f cl k

nf cl e

nf we

nf al e

commandnf dat a

 

6-12 ԇ  
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TWP

TWH

f cl k

nf cl e

nf we

nf al e

addr 0nf dat a

TWP

TWH

addr 1

 

6-13  

TWP

TWH

f cl k

nf cl e

nf we

nf al e

dat a0nf dat a

TWP

TWH

dat a1
 

6-14 ᾗ  

TRP

TWH

f cl k

nf cl e

nf r e

nf al e

dat a0nf dat a

TRP

TWH

dat a1
 

6-15  

6.4  

₥ ᾊ а ᵏ Ȃ 

6.5  

₥ ᾊ а ᵏ Ȃ 
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7 USB2.0 OTG ⁸  

7.1  

GSC3281 USB OTG ⁸ ὤὸ ԈЮ ̔ 

 ̧ On-The-Go Supplement to the USB 2.0 Specification, Revision1.3aRevision2.0̕  

 ̧ USB 2.0 Specification̕ 

⁸ ў Ю̔ 

 ̧ USBў ̕ 

 ̧ USB ̕ 

 ̧ ȁὤ ȁᴂ ̕ 

 ̧ ⁸̂Control̃ȁ ̂Bulk̃ȁѐ ̂Interrupt ȁ̃ ̂Isochronous̃ ּ

̕ 

 ̧ Buffer DMA Scatter-gather DMA ̕ 

 ̧ 8эў ̂Host Channel̃̕  

 ̧ 5э ̂EndPoint̃̕ 

 ̧ root hub̕  

 ̧ ╖ ̂Suspend&Resumẽ̕  

7.2  

7-1 USB2.0 OTG ⁸  

  
Э  

Ю  
╖  

vbus B  USB 5V ᶕ  

usb_id I U USB IDᶕ  

usb_dp B  USB D+ᶕ  

usb_dm B  USB D-ᶕ  

txrtune/rkelvin B  USB2.0 PHY רּ  

usb_xo I  ᴇ XOᶕ  

usb_xi I  ᴇ XIᶕ  

avdd33 I  USB 3.3V 

avss33 I  USB ̆ 3.3V  

dvdd12 I  USB 1.2V 

dvss12 I  USB ̆ 1.2V  

vss33c I  USB ̆ 3.3V  

utmi_drvvbus O  ᴳ  
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7.3 ╖  

USB OTG ⁸  7-1 ̆ў ꜛ USB OTG coreȁOTG PHYԈ ұ

SPRAM̂ FIFÕȂ 

USB OTG Core
OTG 

PHY

SPRAM

UTMI+

Addr Data CMD

AHB

 

7-1 USB OTG ⁸  

USB OTG ⁸ Ԉ ў ת̆ ̆ У ₂Ю ᴐұУ

Ȃ 

USB OTG ⁸ ᾃ DMA ⁸ ̆USB OTG ⁸ ꜛ ꜛ

ᴐ DMA ⁸ ̆SPRAM FIFOȂ 

7.3.1 DMA Ӯ 

USB OTG ⁸ DMA ᴐѝч ̔Scatter Gather Buffer DMA Ȃ 

Scatter Gather Ю̆USB OTG ⁸ ᾃ ѐ Уэ Scatter 

Gather ᾃ Ȃ 7-2 Ȃ 

̂HCDMÃ
Buffer

Bufferᾃ

Buffer

Bufferᾃ

Buffer

Bufferᾃ

ᾃ
Buffer

ᾃ
Buffer

ᾃ
Buffer

 
7-2  

У buffer ₥ buffer ᾃ ч Ȃ

USB_HCDMA ḣ̆USB OTG ⁸ USB_HCDMA

ḣ  ѐ У buffer ᾃ ḣ̆ ѐ buffer ѐ EOL

ᾱ ѝ У ̆ а У ̆ ᾃ ᴐԈ ″
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₥ Scatter Gather DMA ᴐ ̕ ̆ ₥ buffer ̂

У ̆ USB_HCDMA ḣ̃ ╗ 4 ᴐ̆ ЮУ buffer ̕ᵑ

̆  У buffer Ȃ 

Buffer ѝ ὡ/   ̆ ὡ/   ѝ ּ ч

Ȃ 

Buffer Ѭ 7-3 [ 1]̔ 

ὡ

 

A R Rx_Sts R EoL IOC R TBT

A R Tx_Sts R EoL IOC SuP R TBT

31 30 29:28 27 26 25 24:17 16:0

31 30 29:28 27 26 25 24 23:17 16:0

ὡ

 

A R Rx_Sts R IOC R TBT

A R Tx_Sts R IOC R TBT

31 30 29:28 27:26 25 24:12 11:0

31 30 29:28 27:26 25 24:12 11:0

 

7-3 Scatter Gather Ю Buffer Ѭ 

ѐ Buffer Ѭ 7-2 Ȃ 

7-2 buffer Ѭ 

ᴁ  ᴁ ╖  

A [31] 

ῆ  

0x0: ῆ  

0x1: ῆ  

Rx_Sts/Tx_Sts [29:28] 

/  

0x0: ╖ 

0x1: ꜛ  

0x2: ᶑ  

0x3: ᶑ  

EOL [26] 

У  

0x0: У  

0x1: У  

IOC [25] 
Ԉ ̆ Ԉ ̆USB OTG⁸

ֶӊ Уэּ ѐ Ȃ 

SuP [24] 
  Ю̆ Buffer ѝsetupꜛ

8  

TBT 

[16:0] 

/  

[11:0] 

ּ  

ұ ̆ ּ ѝ128K-1 ̕ ұ

̆ ּ ѝ4K-1 Ȃ 

[ 1]̔ buffer Ѭѐ R Reserved ᾗȂ 

Scatter DMA ̆Buffer DMA ̆USB OTG ⁸

USB_HCDMA ᾃ DMA Ȃ 
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7.3.2  

USB OTG ⁸ ̆⁞ѝ̔ὤ ⁸ ȁў ⁸

ȁ ⁸ Ԉ Ȃ Ҿ  7-4

Ȃ 

ὤ ⁸

ў ⁸

⁸

USB OTG +000h

USB OTG +400h

USB OTG +800h

USB OTG +E00h

 

7-4  

USB OTG ⁸ FIFO ̆ў Ю У FIFO ẏ

ꜛȂ 

ў Ю̆FIFO 7-5 Ȃ 

ꜛ

ꜛ

ꜛ

ꜛ ̆ ѝ0

RXFSIZ[31:16]

NPTXFSIZ[15:0]

NPTXFSIZ[31:16]

HPTXFSIZ[15:0]

HPTXFSIZ[31:16]

FIFO

 
7-5 ў Ю FIFO  

ў Ю̆ ұ OUTӇ ̆ᴳ Уэ ּ FIFO̕ ұ

OUTӇ ̆ᴳ Уэ ּ FIFOȂ Ҿּ FIFO ᴐּ ᾰ ẏ 

Ȃ ұ э OUTӇ ̆ USB OTG ⁸ ᾃ Уэ ‟ ȂUSB OTG

⁸ ұ INӇ ̆ᴳ Уэ FIFŎ FIFO ᴐ ᾰ

ẏ  ꜛȂ ̆ ұ ꜛ̆ эꜛ ҂ FIFOѐȂ 

Ю̆FIFO 7-6 Ȃ 
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ꜛ

ꜛ

1 ꜛ

ꜛ ̆ ѝ0

RXFSIZ[31:16]

NPTXFSIZ[15:0]

NPTXFSIZ[31:16]

DIEPTXF1[15:0]

DIEPTXF1[31:16]

4 ꜛ

2 ꜛ

3 ꜛ

DIEPTXF2[15:0]

DIEPTXF2[31:16]

DIEPTXF3[15:0]

DIEPTXF3[31:16]

DIEPTXF4[15:0]

DIEPTXF4[31:16]

FIFO

 

7-6 Ю FIFO  

Ю̆ INӇ ̆Ὥ Уэּ FIFO̕ ұ INӇ ̆

э ᴳ Уэּ FIFOȂ ұ OUTӇ ̆USB OTG ⁸ ᴳ Уэ FIFO

ў ̆ э FIFO҂ ẏб ꜛ ᶕ ̆ Ҿ ᶕ ꜛ ̔

ȁ PID Ȃ 

7.3.3 ў  

GSC3281 USB OTG ⁸ ᴐ ў ̆Ὥ 8эў ̆ HubȂ ᴐ

Hub Ю ̆DMA Buffer DMA Scatter-Gather DMA̕ ᴐ Hub

Ю ̆ Buffer DMA Ȃ 

USB OTG ⁸ ᴐ ў ̆ ᴳ Scatter Gather DMA ̆ ⁸

ᾃ Ȃ Scatter Gather DMA Ю̆USBּ ѐ NAK/NYET

USB OTG ⁸ ̆ ֒ Ȃ 

ў Ю̆USB OTG ⁸ ў ѝ High Speed Full Speed

Ȃ USB_HCFG FSLSSupp ȂUSB OTG ⁸

̆ USB ᴁ ѡ ŬSB ̂SUSPEND̃ ̂RESUMẼ̆

з Ȃ 

ў Ԉ ̂Suspend̃ ᴐ̆ USB PHY  ṃ ̆USB ⁸ ұ

Ȃ USB OTG ⁸ ұ ̆ ֒  

̂Resumẽ ╖ ̆USB ⁸ ֶ   ̂Suspend̃ ᴐȂ 

USB OTG ⁸ ᴐ ў Ю̆ ӱў Уэ token ‡̆

╟Уэ USBӇ Ȃ ̆USB OTG ⁸ з tokenꜛȂ ұ

OUT SETUPӇ ̆USB OTG ⁸ ӱ FIFOѐ ̆ з ꜛ̆

з ּ ұ ꜛ Ȃ  Ѯ ŬSB OTG ⁸ Э ֒

Ӈ Ȃ 

ұ IN PINGӇ ̆USB OTG ⁸ IN PING tokenѮ ̆
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ꜛȂ  ꜛ ŬSB OTG ⁸ ֶ ֒ ꜛ ̕

 ꜛ з ꜛέ PID̆ USB OTG ⁸ ֶ Ҿ ᾗ

FIFOѐ з ̆ ꜛȂ 

7.3.4  

GSC3281 USB OTG ⁸ ᴐ ̆Ὥ 5э ̆ 5э

ּ ̆ὲѐ 0 ⁸ ּ Ȃ 

USB OTG ⁸ ᴐ ̆ ᴳ Scatter Gather DMA ̆ ⁸ а

ᾃ ̆USB OTG э У DMA ̆ Ҿ

Ȃ 

ᴐѝ ŬSB OTG⁸ ѝ Ȃ ֒ Ԉ USB_DCFG DevSpd

ѝὤ /ᴂ ȂUSB OTG ⁸ USB ᴁ ‟

ѡ зԈ ᾱ USB ᴐ Ȃ ŬSB OTG ⁸ ў

USB ̂SUSPEND̃ ̂RESUEM̃ ᴐȂ Ю̆ ў ὡ ̆

USB OTG ⁸ Ԉ ў ᴐȂ 

Ю̆ ֗ᴉӱў   tokenꜛ ̆USB OTG ⁸ з

tokenꜛ Ȃ 

 tokenꜛ Уэ OUT SETUPꜛ ŬSB OTG ⁸ ֶ з

Ю ּ ꜛ PID ̆ ᾗ FIFOѐȂ ꜛ ̆

USB OTG ⁸ ̆ ў ̆USB OTG ⁸ ў

ꜛ̆ ̆ ⁸ ꜛ ᶕ ᾗ ⁸ ᾃ

‟ѐȂ 

Уэ OUT token̆ FIFO ῆ ̆ USB OTG ⁸ ў

Уэ NAK ᶕ ̆Ԉ ў ꜛȂ  tokenꜛ Уэ

PINGꜛ ̆USB OTG ⁸ ұ FIFO ⁸ ᶕ ꜛ

ў Ȃ 

Уэ IN token̆ ҂ FIFOѐῆ ŬSB OTG ⁸ ֶ

̆ ꜛ̆ з ὲ ў Ȃ  IN token̆ ת

FIFOѐ ῆ ̆USB OTG ⁸ ֶ NAK ꜛ ў ̆Ԉ ў

ᴐȂ 

7.4 ў / ᴐ  

7.4.1 USB OTGЭ   ע

ў ŬSB OTG ╟ ֒ USB OTG ⁸ 

ע ᴐȂ  ᾱ̆ע USB ᴐұᴉ ᴐ ̂ў / ̃ з

ὤ ѐ Ȃ 

έᴇ USB OTGЭ  ע Ю̔ 

1ȁ USB_GAHBCFG ̆ GlbIntrMskᴁ ѝ 1̆ ὤ ѐ ̕ 

2ȁ USB_GINTMSK ̆ RXFlv1ᴁ ᴁ ѝ 0̆ ̆ 

ꜛ̆‡ӊ ѐ ̕ 
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3ȁ USB_GINTMSK ̆ OTGѐ Ԉ аּר ѐ ̕ 

4ȁ ֒ USB_GINTSTS CurModᴁ̆ᾱ ₥ USB OTG ⁸ ᴐұў

Ȃ 

7.4.2 ў ᴐ  

ў ᴐ Ю ӱ̆ ̆б ּ Ѯ₥̆ Ἴ ў 

̆ע  ע ּ Ȃ 

ў  ע Ю̔ 

̂1̃ USB_GINTMSK PrtIntMskᴁ ѐ ̕ 

̂2̃ USB_HCFG Full-speed High-speed ̕ 

̂3̃ USB_HPRT PrtPwrᴁ ѝ 1̆ ╟ USB Э Vbusᶕ ̕ 

̂4̃ USB_HPRT PrtConnDetѐ ̆ ѐ  Э̕ 

̂5̃ USB_HPRT PrtRstᴁ ѝ 1̆ USB Reset ̕ 

̂6̃ Reset ̆ 10ms̕  

̂7̃ USB_HPRT PrtRstᴁ ѝ 0̕ 

̂8̃ USB_HPRT PrtEnChngѐ ̕ 

̂9̃ USB_HPRT PrtSpd Ԉ ѡ  ̕ 

̂10̃  USB_HFIR ̆ SOF ̕ 

̂11̃  USB_GRXFSIZ FIFO ̕ 

̂12̃  USB_GNPTXFSIZ ּ FIFO ̕ 

̂13̃  USB_HPTXFSIZ ּ FIFO Ȃ 

 ע ᴐ Ю̔ 

̂1̃ USB_GINTMSK HChIntMskᴁ ѐ ̕ 

̂2̃ USB_HAINTMSK PrtIntMskᴁ ѐ ̕ 

̂3̃ USB_HCINTMSK ў ѐ   Ӈ Ὧѐ

Ȃ ұ Scatter/Gather DMA ̆ ̂4̃̕ ұ Scatter/Gather DMA

̆ ̂6̃̕  

̂4̃ USB_HCTSIZn ̆ ᴇּ Ԉ ꜛ э ̕ 

̂5̃ ұ Hub ̆ USB_HCSPLTn ѐ Hub ̕ 

̂6̃ USB_HCDMAn buffer ̕ 

̂7̃ USB_HCCHARn ̆ ̂ᴿ ּ

ȁ Ԉ ̃̕  

̂8̃ ῆ ꜛ ̆ USB_HCCHARn Enableᴁ

ѝ 1̆USB OTG ⁸ ╟ ꜛ ᴐȂ 

7.4.3 ᴐ  

Э Ԉ ̆  ע ᴐ̆ ў token зṁ 

ȂЮ ѝꜛ  ע ᴐ ᾃ ᴐ Ȃ 

̂1̃ USB_DCFG ԈЮ ̔ 

a) DescDMAᴁ̆ᴳ Scatter-Gather DMA ̕ 

b) ̕ 

c)   ̕ 
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d) Ȃ 

̂2̃ USB_GINTMSK ԈЮ ̆ ѐ ̔ 

a) USB Reset̕  

b) Enumeration Done̕  

c) Early Suspend̕  

d) USB SuspendȂ 

̂3̃ USB_GINTSTS.USBResetѐ ̆ ѐ ў USB reset ᴐ

 10ms̕  

̂4̃ ұ   ̆ USB_DOEPCTLnSNAKᴁѝ 1̕ 

̂5̃ Ю‟ѐ ᴁ ̔ 

a) USB_DAINTMSK.INEP0̕ 

b) USB_DAINTMSK.OUTEP0̕ 

c) USB_DOEPMSK.SETUP̕ 

d) USB_DOEPMSK.XferCompl̕ 

e) USB_DIEPMSK.XferCompl̕ 

f) USB_DIEPMSK.TimeOutȂ 

̂6̃ ұ ּ ̂ ὡ/  ̃ ̆ USB_GINTMSK NPTxFEmpMsk

RxFLvlMskᴁ ѐ ̕ 

̂7̃ FIFO RAMȂ USB_GRXFSIZ ̆ᴳ ⁸ OUT IN

Setup ȂUSB_GRXFSIZ ḣ ұ ⁸ ꜛ

+64ᴁ̂ ⁸ OUT ꜛ ᴁ̃+320ᴁ̂setupꜛ̃̕  

̂8̃  ѡ ѐ ̂USB_GINTSTS.EnumDonẽ ̆ USB_DSTS

ᾱ ѡ ̕ 

̂9̃ USB_DIEPCTL0 MPS ꜛ ̕ 

̂10̃  DMA Ю̆ USB_DOEPCTL0 ᴳ ⁸ OUT 0̆

SETUPꜛ Ȃ ұ Scatter/Gather DMA ̆ ⁸ OUT 0ᴳ

Ѯ₥ ̕ 

̂11̃  SOFѐ Ȃ У ̆ Ԉ SOFꜛ з Ԉ ⁸

0 ⁸ּ ̕ 

̂12̃   SetAddress ԇ ̆ USB_DCFG ̆

̕ 

̂13̃  USB OTG ⁸ Status INꜛ ̕ 

̂14̃  SETUPꜛ ѐ  SetConfiguration SetInterface ԇ ̆

USB_DIEPCTLn/USB_DOEPCTLn USBActEPᴁ ̂

USB_DIEPCTLn/USB_DOEPCTLn USBActEPᴁ ѝ 1̃̕  

̂15̃  ѐ ̆ SetConfiguration SetInterface ԇӊ

Ԉ ̆ ὲ ̂ USB_DIEPCTLn/USB_DOEPCTLn USBActEPᴁ

ѝ 0̃̕  

̂16̃  ѐ ̆ ѐ ̕ 

̂17̃  DATA FIFO RAM FIFO ̆ FIFOȁ

FIFO ḣ ѝ 256 ̆ з ᶑ FIFO╗

ѝ 256 Ȃ ̆USB OTG ⁸ Ю̆ Ԉ

Ȃ 
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7.5  

₥ ᾊ а ᵏ Ȃ 

7.6  

₥ ᾊ а ᵏ Ȃ 
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8 Ԉ MAC ⁸  

ў ᾃ Ԉ MAC ⁸ ╖ ȁ ȁ ȁ ᴐ

̆ ҩԈ MAC ⁸ Ȃ 

ѐ  DMA MAC ⁸ ѐ DMA Ȃ 

8.1  

ҩ 10/100Mbps MAĈ Media Access Control̃ ⁸ ̆ὸ IEEE 802.3-2008

ῆ̆ ὤ ᴐ̆ ῆ RMII Ȃ 

MAC ⁸ AHB б DDR2Ὧ ̆MAC ⁸ APB

CPU ᴐ M̆AC ῆ MDIO ⁸ PHY ̂ TI DP83848C̃Ȃ

AHB ѝ Little-endianȂ 

MAC ⁸ DMA ̆ᾃ Уэ 2048 FIFO

ᴐѝ Ȃ ұ FIFO ̆MAC ⁸ а ֒ ╟ ⁸Ȃ 

8.2  

8-1 Ԉ MAC ⁸  

  
Э  

Ю  
╖  

rmclk 
I 

[ 1] 
- RMII Ю 50MHz 

rmtxen O - MAC ᴳ ᶕ  

rmtxd0 O - MAC 0ᴁ 

rmtxd1 O - MAC 1ᴁ 

rmrxdv I - RMII  

rmrxd0 I - MAC 0ᴁ 

rmrxd1 I - MAC 1ᴁ 

mdc O - MAC ⁸  

mdio B - MAC ⁸ ѕ  

[ 1]̔I ὡ̆O  Ȃ 

8.3 ╖  

Ԉ MAC ⁸ ԈЮ╖ ̔ 

 ̧ IEEE 802.3  

 ̧ ῆ RMII  

 ̧ 10/100Mbps ᴐ 

 ̧ ὤ ᴐ  
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 ̧ DMA 

 ̧ FIFO 2K  

 ̧ ╟х  

 ̧ Уэ MAC  

 ̧ Hash רּ  

 ̧ ̆ LANѐ  

 ̧ MDIO PHY  

 ̧ VLAN ⁞ 

 ̧ IP ѐ checksum  

 ̧ TCP/IP ѐ checksum ὡ 

8.3.1 Ԉ MAC  

ў Ӯ MAC ⁸ Ԉ MAC ȁּ ꜛ Ȃ 

8-1 ҩԈ MAC э ᾃ Ԉ ּ Ȃ ѐ э

Ἴּ ̆ ּ Ȃ э ѐ ᴁ ᴂ̆

ᴁ ̆ ᴁ ȂFCS ᴐѝУэ 32ᴁ ̂ ᴁ ̃̆ а 4э

Ȃ 

 DA  SA
/

‟ FCS

6 6 46~1500 4

₥

8 2

FCS

ּ ̔

 

8-1 Ԉ MAC  

· ₥ (Preamble) (SFD) 

₥ ꜛ 8э Ȃ₥ 7э (56ᴁ) ḣѝ 0x55̆ Уэ ѝ

̆ὲḣѝ 0xD5Ȃ₥ ѝУэ 62э 1 0 ̂10101010---̃ ѕ ̆ 2

ᴁ 1̆ Ȃὲᴐ  ̆Ԉ ᴳ

б ὡ Ȃ 

·  

э MAC ꜛ чэ ̔ (Destination Address) (Source Address)Ȃ

ҩ ̆ ҩ ȂDA Ԉ ̂ э

̃ ̂ ̃̆ SA ̂ 1ᴁ 0 Ȃ̃ 

· / (Length/Type) 

/ έ ч Ѭѐ У Ȃ э ḣ ұ 1518̆ ѫ э

̆ Ѭ Ȃת э ḣ ұ 1518̆

ҩ Ԉ Э ̆ᴿ 0x0800 ѝ IP Ȃ 

· (Data) 

ꜛ 46͘1500 Ȃ ҩ Ԉ ּ ᶕ Ȃ ұ

CSMA/CD ⁸̆Ԉ а ұ э Ȃ ᶑ э

ꜛ 46э Ȃ Э ѝ 1500 Ȃ 

· ‟(FCS) 

‟ꜛ 4э ȂFCS ӱ DA   Ȃ
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32ᴁ ᾕᴍ (CRC)Ȃ 

ּ  MAC ̆MAC ԈЭ Ȃ 

ԈЮ֗ Уэ ֒ ̆ ѝ  ꜛ̆ х ̆ ᶕ

ᾗὡ Descriptorᴁ̂ Ю Ȃ̃ 

̂1̃ Length/Type ѐ аУ Ȃת Length/Typeѐꜛ

ḣ̆‡а ѝ Ȃ 

̂2̃  а Ȃ 

̂3̃  CRC ̆ CRC Ȃ 

8.3.2  

MAC ⁸ ῆ RMII R̆MII ᴳ 50MHz ̆ ѝ 4ᴁ̆

⁞ 2ᴁȂ 

RMII ᴐ Ю M̆AC ⁸ ᴳ ұ 50MHz ̆

ұ PHY ת̕ ұ PHY   б а ̆ Ԉ PHY

бMAC ⁸ ᴳ ̆ 8-2 Ȃ 

PHY


2/20

OSC

CSR

MAC

RMII

50MHz

Tx

Rx

rmii_clk

10M/100Mbps

tx_clk tx_clk

rx_clk rx_clk

 

8-2 RMII Ю  

8-2 ̆ MAC ⁸ ѐ Уэ ̆ 50MHz 

Ȃ ̆ ӊ 25MHz 2.5MHz чэ ̆ Ԉ Ȃ

RMII ѐ̆PHYv ᴳ б MAC ̆ ұ 50MHz ̆

ᴐѝ ᴳ Ȃ Ԉ  ṁ ᶑ̆

ҩ PHYб MAC RMII У Ȃ̂ ̔ ᴐѝ ̆а

У Ȃ̃  

8.3.3 ᴐ   

ѝҩ  ̆ MAC ̆ ₥ ּ ̆ ֒Ἴ

MAC ╖ Ὧ ̆ Ԉ MAC_CONFIG  Ȃ

̆ ╖ Юа ̆ ‡ֶ MAC
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ꜛȂ 

8.3.4 б ᴐ  

8-3 ̆Ԉ MAC ⁸ ԈЮ ̔AHB Master ̆APB ̆DMA

̆ / ּ ⁸ ̆MAC ̂ MAC ̃̆ DMA Ȃ 

FIFOFIFO

AHB

Master DMA

MAC

DMA

CSRAPB

⁸ ⁸

MAC

CSR

 PHY

AHB

APB

 

8-3 Ԉ MAC ⁸  

MAC Ԉ PHY RMII Ȃ 

CSR̂ Control & Status Ὥ̃ 8KB ̆ѝч D̔MA CSR MAC CSRȂ 

AHB Master ѝ DMA б ў Ȃ 

APB CSR ̆ ұ ᾗ DMA CSR MAC CSRȂ 

MAC ̂AHB ̃ MAC ̂PHYv ὡ ̃

ּ Ȃ 

DMA ̆ ᾃ б MAC ̆ CPU

̆ע Ԉ ὲӹУҾ ֒̂ ̃Юѐ CPUȂDMA

ּ ұέ Descriptor ᾰּשȂ 

Descriptor ў бMAC ⁸ ὲ̆ᾃ ў

̆ У DescriptorȂ Э̆Descriptor

ᾃ ѐ У ̆ ў  Ȃ  Descripor ̆ў

ᾗὡMACѐ ̆ԈᵏMAC AHB Ȃ 

₥̆ ֒ ᾗὡᾃ ѐ ѐ̆

ᾗὡᾃ ѐ Descriptor ᾃ̆ ╟ MAC ̆ӱ

Ȃ 

נ ̆ ₥̆ ֒  У ᾃ ᴐѝ ̆

ᾗὡᾃ ѐ Descriptor ̆ ╟MAC ȂMACֶ AHB

 Descriptor ᾃ ӱ ̆ ֶ 

ᾗὡ Ȃ 

DMAּ ѐᴳ чэ Descriptor‟ ̆ Уэ̆ Ҿ‟

ѐ̆ э Descriptor 4э ȂDescriptor‟ ѝч ̔
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У ̆ У ̆ 8-4 Ȃ Descriptor‟ ѐ Descriptor Ԉ

ѝ Ԉ̆ 4ѝ ̆ э Descriptor Ԉ ч ̆ УэDescriptor

 DescriptorЭ̆ Уэ Ȃ Descriptor‟ ѐ Уэ

Descriptor ҂ ЮУэת̆ Descriptor ЭУэ Descriptor

ѐ ᾗὡ Ȃ Descriptor‟ ѐ Уэ Descriptor Уэ ȂҮ Э̆

Descriptor ἷ ч ‟ Ю ὤ ӑ ἷѐ Buffer2

̆ ἷѐ ЮУэ Descriptor Ȃ 

Descriptor 0

Buffer 1

Buffer 2

Descriptor 1

Buffer 1

Buffer 2

Descriptor 2

Buffer 1

Buffer 2

Descriptor N

Buffer 1

Buffer 2

Descriptor 0

Buffer 1

Descriptor 2
Buffer 1

Descriptor 0

Buffer 1

Next Descriptor

descriptor‟ descriptor‟

 

8-4 Descriptor‟  

8.3.4.1  

ҩ ҩ ᴇ ̆ MAC ⁸ Ȃ 

·  

̆MAC 10/100Mbps RMII PHY

ȂMAC Ἴ MAC ₥ ̂Preamblẽ ̂SDF̃̆

̆  ₥ Ȃ  Уэ ̂64 ̃

M̆AC х ̂ Ȃ̃  ‡̆ CRC

Ȃ  CRCḣа ̆ х ̂ Ȃ̃Ḯ Уэ

έ CRCḣ̆ з MACа ᴐ Ю ‡̆ MAC

ЮЬ ѮУ̔ 

̂1̃ ̆ б MAC  

̂2̃ ̆Э ѬУҾ ᴐѝ ̆ ѐ

Ԉ HASH ѐȂ 




