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3.1 OVERVIEW The System Controller consists of two parts; System Clock Control and System Power-management Control. The System Clock Control logic in S3C6410 generates the required system clock signals, ARMCLK for CPU, HCLK for AXI/AHB-bus peripherals, and PCLK for the APB bus peripherals. There are three PLLs in S3C6410. One is for ARMCLK only. Second is for HCLK and PCLK. The third thing is for peripheral, especially for audio related clocks. The clock control logic generates slow-rate clock-signals for ARMCLK, HCLK and PCLK by bypassing externally supplied clock sources. The clock signal to each peripheral block can be enabled or disabled by software control to reduce the power consumption. In the power control logic, S3C6410 has various power management schemes to keep optimal power consumption for a given task. The power management in S3C6410 consists of four modes: General Clock gating mode, IDLE mode, STOP mode, and SLEEP mode. General Clock Gating mode is used to control the ON/OFF of clocks for internal peripherals in S3C6410. You can optimize the power consumption of S3C6410 using this General Clock Gating mode by supplying clocks for peripherals that are required for a certain application. For example, if a timer is not required, then you can disconnect the clock to the timer to reduce power. IDLE mode disconnects the ARMCLK only to CPU core while it supplies the clock to all peripherals. By using IDLE mode, the power consumed by the CPU core is reduced. STOP mode freezes all clocks to the CPU as well as peripherals by disabling PLLs. The power consumption is only due to the leakage current in S3C6410. SLEEP mode disconnects the internal power. Therefore, the power consumption due to CPU and the internal logic except the wakeup logic will be zero. In order to use the SLEEP mode two independent power sources are required. One of the two power sources supplies the power for the wake-up logic. The other one supplies the other internal logic including CPU, and must be controlled in order to be turned ON/OFF. In SLEEP mode, the second power supply source for the CPU and internal logic will be turned off. A detailed description of the power-saving modes such as the entering sequence to the specific power-down mode or the wake-up sequence from a power-down mode is explained in the following Power Management section. 3.1.1 IP Version : No Version
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3.1.2 What is new in S3C6410 (S3C2412, S3C2443) Function



S3C6410



S3C2412



S3C2443



Power mode



Normal, Idle, Stop, Deep Stop, Sleep



Normal, Idle, Stop, Sleep



Normal, Idle, Stop, Sleep



Clock



Apll, Mpll, Epll



Mpll, Upll



Mpll, Epll



Reset



Soft, Watchdog, Warm , Wake-up, nReset



Soft, Watchdog, wakeup, nReset



Soft, Watchdog, wakeup, nReset



DVS(using Clock Divider), Voltage change



DVS, Voltage change



DVS, Voltage change



nBatt_FLT,



nBatt_FLT



nBatt_FLT



etc



Sub Block Power Control



3.1.3 Features z



Include three PLL’s: ARM PLL, main PLL, extra PLL (for the modules that use special frequency)



z



Five power-saving mode: NORMAL, IDLE, STOP, DEEP-STOP, and SLEEP



z



Six controllable power domain: domain-G, domain-V, domain-I, domain-P, domain-F, domain-S



z



Control operating clocks of internal sub-blocks
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3.1.4 HARDWARE ARCHITECTURE Media and graphic co-processors, which include MFC (Multi-Format Codec), JPEG, Camera interface, TV encoder, 3D accelator and etc, are divided into six power domains. The six power domain can be controlled independently to reduce unwanted power consumption when the IPs is not required for an application program.
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3.2 OPERATION



3.2.1 Functional Description - Clock •



Clock Source Selection Internal clocks will be generated using external clock sources. If the XOM[0] is “0” , the XXTIpll(External Crystal) is selected. If not XEXTCLK is selected.



•



PLL Output Clock Generation S3C6410X has three PLL’s which are APLL for ARM operating clock, MPLL for main operating clock, and EPLL for special purpose. The operating clocks are divided into three groups. The first group is ARM clock, which is generated from APLL. The second group is MPLL which generates the main system clocks, which are used for operating AXI, AHB, and APB bus operation. The last group is generated from EPLL. Mainly, the generated clocks are used for peripheral IPs, i.e., UART, IIS, IIC, and etc.



APLL



MPLL



EPLL



PLL Output Clock



Fin*Mdiv/(Pdiv * 2^Sdiv)



(Mdiv+Kdiv/2^16)*Fin/(Pdiv*2^Sdiv )



VCO Clock Range



800MHz Address Bits



Name



Description



31:26



AHB_int_add



AHB Port Base Address



25:24



CMD_MAP



10 = initiate a special function of the flash device or read the status of the memory controller



23:0



MEM_ADDR



Refer to OneNand controller manual Table 7-1
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7.5.1.3 OneNand Page Write
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7.5.1.4 OneNand Page Read
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7.5.1.5 OneNand Single Pipelined(Cache) Read Start Pipeline Read Ahead Command (Map 10 command)



- ADDR = Base Address + CMD_MAP(b’10) + MEM_ADDR(Start Block&Page) - PP : the number of pages to read



- ADDR = 0x40PP



DMA



Not DMA(ldr or ldm instruction)



Transfer Mode



DMA Interrupt Enable & register ISR address



1 Page(2KB) Data Read (Map 01 command)



- refer to Interrupt controller



- read from ADDR



- ADDR = Base Address + CMD_MAP(b’01) + MEM_ADDR(Block, Page) - The same address(ADDR) must be used until the entire page has been transferred



ADDR = Base Address + CMD_MAP(b’01) + MEM_ADDR(Block, Page)



DMA Controller Setting (OneNand to DRAM, 2KB) - DMA burst size should be same to or less than 4 burst



Increment Page Number



Check DMA Done? Yes



Last Page(PP page) Read Done?



No



Yes



End < Map 01 Address Mapping > Address Bits



Name



Description



31:26



AHB_int_add



AHB Port Base Address



25:24



CMD_MAP



01 = Read or Write to the Memory Device



23:0



MEM_ADDR



Refer to OneNand controller manual Table 7-1 < Map 10 Address Mapping >



Address Bits



Name



Description



31:26



AHB_int_add



AHB Port Base Address



25:24



CMD_MAP



10 = initiate a special function of the flash device or read the status of the memory controller



23:0



MEM_ADDR



Refer to OneNand controller manual Table 7-1
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7.5.1.6 OneNand Multiple Pipelined(Cache) Read Start - ADDR = Base Address + CMD_MAP(b’10) + MEM_ADDR(Start Block&Page) - PP : the number of pages to read



First Pipeline Read Ahead Command (Map 10 command) - ADDR = 0x40PP (PP pages)



Second Pipeline Read Ahead Command (Map 10 command) - ADDR = 0x40RR (RR pages)



Third Pipeline Read Ahead Command (Map 10 command)



- Maximum 3 pipeline read adhead commands are supported



- ADDR = 0x40SS (SS pages)



DMA



Not DMA(ldr or ldm instruction)



Transfer Mode



DMA Interrupt Enable & register ISR address



1 Page(2KB) Data Read (Map 01 command)



- refer to Interrupt controller



- read from ADDR



DMA Controller Setting (OneNand to DRAM, 2KB)



- ADDR = Base Address + CMD_MAP(b’01) + MEM_ADDR(First pipeline read Block& Page) - The same address(ADDR) must be used until the entire page has been transferred



ADDR = Base Address + CMD_MAP(b’01) + MEM_ADDR(First pipeline read Block& Page)



- DMA burst size should be same to or less than 4 burst



Increment Page Number



Check DMA Done? Yes



First Area Last Page(PP pages) Read Done?



No



Yes



State 1
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State 1



DMA



Not DMA(ldr or ldm instruction)



Transfer Mode



DMA Interrupt Enable & register ISR address



1 Page(2KB) Data Read (Map 01 command)



- refer to Interrupt controller



- read from ADDR



- ADDR = Base Address + CMD_MAP(b’01) + MEM_ADDR(Second pipeline read Block& Page) - The same address(ADDR) must be used until the entire page has been transferred



ADDR = Base Address + CMD_MAP(b’01) + MEM_ADDR(Second pipeline read Block& Page)



DMA Controller Setting (OneNand to DRAM, 2KB) - DMA burst size should be same to or less than 4 burst



Increment Page Number



Check DMA Done? Yes



Second Area Last Page(RR pages) Read Done?



No



Yes DMA



Not DMA(ldr or ldm instruction)



Transfer Mode



DMA Interrupt Enable & register ISR address



1 Page(2KB) Data Read (Map 01 command)



- refer to Interrupt controller



- read from ADDR



- ADDR = Base Address + CMD_MAP(b’01) + MEM_ADDR(Third pipeline read Block& Page) - The same address(ADDR) must be used until the entire page has been transferred



ADDR = Base Address + CMD_MAP(b’01) + MEM_ADDR(Third pipeline read Block& Page)



DMA Controller Setting (OneNand to DRAM, 2KB) - DMA burst size should be same to or less than 4 burst



Increment Page Number



Check DMA Done? Yes



Third Area Last Page(SS pages) Read Done?



No



Yes End
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7.5.1.7 OneNand Lock Block Start



Single



Single or Multi Block Lock ? Multi



Save the start address for the lock - ADDR = 0x0A



- ADDR = Base Address + CMD_MAP(b’10) + MEM_ADDR(Start Block to be locked)



Save the end address for the lock & Initiate the lock operation



- ADDR = Base Address + CMD_MAP(b’10) + MEM_ADDR(End Block to be locked)



- ADDR = 0x0B



Check Interrupt Occurance Yes



End
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7.5.1.8 OneNand Unlock Block Start



Single



Single or Multi Block Unlock ? Multi



Save the start address for the unlock - ADDR = 0x08



- ADDR = Base Address + CMD_MAP(b’10) + MEM_ADDR(Start Block to be unlocked)



Save the end address for the unlock & Initiate the lock operation



- ADDR = Base Address + CMD_MAP(b’10) + MEM_ADDR(End Block to be unlocked)



- ADDR = 0x09



Check Interrupt Occurance Yes



End
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7.5.1.9 OneNand Lock-tight Block
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8.1 OVERVIEW S3C6410X boot code can be executed on an external NAND flash memory. The S3C6410X is equipped with an internal SRAM buffer called ‘Steppingstone’. Generally, the boot code will copy NAND flash content to SDRAM. Using hardware ECC, the NAND flash data validity will be checked. After the NAND flash content is copied to SDRAM, main program will be executed on SDRAM. To use NAND Flash, ‘XSELNAND’ pin must be connected to one. 8.1.1 IP Version NFCON 4.2 8.1.2 What is new in S3C6410? S3C2443



S3C6400



S3C6410



Bus Width



Support 8/16 bit



Support 8bit



Support 8bit



ECC Type



1, 4Bit Ecc



1, 4Bit Ecc



1, 4, 8 Bit ECC
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8.2 OPERATION 8.2.1 Functional Description •



• • • • • •



NAND Flash memory I/F: Support 512Bytes and 2KB Page. Software mode: You can directly access NAND flash memory. for example this feature can be used in read/erase/program NAND flash memory. Interface: 8-bit NAND flash memory interface bus. Hardware ECC generation, detection and indication (Software correction). Support both SLC and MLC NAND flash memory : 1-bit ECC for SLC and 4-bit/8-bit ECC for MLC NAND flash. SFR I/F: Support Byte/half word/word access to Data and ECC Data register, and Word access to other registers. SteppingStone I/F: Support Byte/half word/word access. The Steppingstone 8-KB internal SRAM buffer can be used for other purpose .



ECC Gen. NAND FLASH Interface



SFR



SYSTEM BUS



• •



Control & State Machine



nFCE CLE ALE nRE nWE R/nB I/O0 - I/O7



AHB Slave I/F



Stepping Stone Controller



Stepping Stone (4KB SRAM)



Figure8-1. NAND Controller Block Diagram



6



SMDK6410_NAND_APPLICATION NOTE_REV 1.00



8.2.2 Signal Description < External Memory Interface > Signal



I/O



Description



Xm0DATA[7:0]



IO



Xm0DATA[7:0] : Memory port 0 common data bus



Xm0CSn[3:2]



O



Chip Select



FWEn



O



Memory port 0 NAND Flash Write Enable



FREn



O



Memory port 0 NAND Flash Read Enable



ALE



O



Memory port 0 NAND Flash Address Latch Enable



CLE



O



Memory port 0 NAND Flash Command Latch Enable.



RnB



I



Memory port 0 NAND Flash Ready/Busy
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8.2.3 Register Map Address



R/W



Reset value



Name



Description



Base + 0x00



R/W



0xX000_100X



NFCONF



Configuration register



Base + 0x04



R/W



0x0001_00C6



NFCONT



Control register



Base + 0x08



R/W



0x0000_0000



NFCMMD



Command register



Base + 0x0c



R/W



0x0000_0000



NFADDR



Address register



Base + 0x10



R/W



0xXXXX_XXXX



NFDATA



Data register



Base + 0x14



R/W



0x0000_0000



NFMECCD0



1st and 2nd main ECC data register



Base + 0x18



R/W



0x0000_0000



NFMECCD1



3rd and 4th main ECC data register



Base + 0x1c



R/W



0x0000_0000



NFSECCD



Spare ECC read register



Base + 0x20



R/W



0x0000_0000



NFSBLK



Programmable start block address register



Base + 0x24



R/W



0x0000_0000



NFEBLK



Programmable end block address register



Base + 0x28



R/W



0x0080_001D



NFSTAT



NAND status registet



Base + 0x2C



R



0xXXXX_XXXX



NFECCERR0



ECC error status0 register



Base + 0x30



R



0x0000_0000



NFECCERR1



ECC error status1 register



Base + 0x34



R



0xXXXX_XXXX



NFMECC0



Generated ECC status0 register



Base + 0x38



R



0xXXXX_XXXX



NFMECC1



Generated ECC status1 register



Base + 0x3C



R



0xXXXX_XXXX



NFSECC



Generated Spare area ECC status register



Base + 0x40



R



0x0000_0000



NFMLCBITPT



4-bit ECC error bit pattern register



Base + 0x44



R



0x4000_0000



NF8ECCERR0



8bit ECC error status0 register



Base + 0x48



R



0x0000_0000



NF8ECCERR1



8bit ECC error status1 register



Base + 0x4C



R



0x0000_0000



NF8ECCERR2



8bit ECC error status2 register



Base + 0x50



R



0xXXXX_XXXX



NFM8ECC0



Generated 8-bit ECC status0 register



Base + 0x54



R



0xXXXX_XXXX



NFM8ECC1



Generated 8-bit ECC status1 register



Base + 0x58



R



0xXXXX_XXXX



NFM8ECC2



Generated 8-bit ECC status2 register



Base + 0x5C



R



0xXXXX_XXXX



NFM8ECC3



Generated 8-bit ECC status3 register



Base + 0x60



R



0x0000_0000



NFMLC8BITPT 0



8-bit ECC error bit pattern 0 register



Base + 0x64



R



0x0000_0000



NFMLC8BITPT 1



8-bit ECC error bit pattern 1 register



Base = 0x7020_0000 Stepping STON : 0x0C00_0000 ~ 0x0C00_1FFF (8K) 0x0000_0000 ~ 0x0000_1FFF (8K)* *In 6410 memory map, stepping stone memory is in the area between 0x0C00_0000 and 0x0C00_1FFF.
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8.3 CIRCUIT DESCRIPTION IN SMDK BOARD 8.3.1 Circuit Diagram



NAND Flash memory (SOCKET ) 



NAND U3



VDD3.3V



R15 NC/R1608 [2] B_RnB [2] B_FREn nCS_NAND nCS_NAND2



nCS_NAND3 nCS_NAND4 [2] B_CLE [2] B_ALE [2] B_FWEn [2,14..16] B_SPI0_MOSI/ADDR_CF2 R28 NC/R1608



VDD3.3V



R11 10K/R1608



R457 0/R1608



CFG7 Add&Changed on 04/30/2008



3 GPC2



2 1



R450 10K/R1608



B1



B2



C1



C2



A1



A2



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24



NC0 NC1 NC2 NC3 NC4 NC5 R/nB nRE nCE NC6 NC7 VCC0 VSS0 NC8 NC9 CLE ALE nWE nWP NC10 NC11 NC12 NC13 NC14



VDD3.3V [2,8,10..12] B_DATA[15:0]



NC29/ VSS2 NC28/ IO15 NC27/ IO7 NC26/ IO14 IO7/ IO6 IO6/ IO13 IO5 IO4/ IO12 NC25/ IO4 NC24 NC23 VCC1 VSS/ NC22 NC21 NC20 NC19/ IO11 IO3 IO2/ IO10 IO1/ IO2 IO0/ IO9 NC18/ IO1 NC17/ IO8 NC16/ IO0 NC15/ VSS1



48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25



R35 NC/R1608 Socket S-TSO-SM-048-A (With K9F2G08UOA-P)



R12 R13 R16



R19



B_DATA15 0/R1608 B_DATA7 0/R1608 B_DATA14 0/R1608 IO7/IO6 IO6/IO13 B_DATA5 IO4/IO12 B_DATA4 0/R1608



IO2/IO10 R25



0/R1608



R29 R31 R32



IO2/IO10 IO1/IO2 IO0/IO9 0/R1608 0/R1608 0/R1608



B_DATA11 B_DATA3 IO1/IO2 B_DATA1 B_DATA8 B_DATA0



[2] B_CSn_5



R14



NC/R1608 B_DATA6



R17



0/R1608



R18



NC/R1608 B_DATA13



R20



0/R1608



R21



NC/R1608 B_DATA12



R22



0/R1608



R24



NC/R1608 B_DATA10



R26



0/R1608



R27



NC/R1608 B_DATA2



R30



0/R1608



R33



NC/R1608 B_DATA9



R34



0/R1608



B_DATA7



B_DATA6



B_DATA4



B_DATA2



B_DATA1



B_DATA0



16-bit: R11,14,17,21,24,29 8-bit: R13,16,19,23,26,30



6 5 4



NC/R1608



R38



NC/R1608



R39



NC/R1608



[2] B_RnB



TP17



RnB



[2] B_FREn



TP18



nFRE



[2] B_ALE



TP19



ALE



[2] B_CLE



TP20



CLE



[2] B_FWEn



TP21



nFWE



VDD3.3V



CTB19



[2] B_CSn_4



IO0/IO9



R36 0/R1608



CB19



CB20



+ nCS_XD



IO6/IO13



IO4/IO12



CAS220A1



R37



IO7/IO6



nCS_NAND2 nCS_NAND3 nCS_NAND4



100nF/C1608 100nF/C1608 10uF,6.3V/T2012



Figure8-2. SOP NAND Circuit Diagram(Base Board)
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XD PICTURE CARD VDD3.3V



[2,8,10..12] B_DATA[15:0]



R23 4.7K/R1608



CON1 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 19



B_DATA7 B_DATA6 B_DATA5 B_DATA4 B_DATA3 B_DATA2 B_DATA1 B_DATA0



[2] B_FWEn [2] B_ALE [2] B_CLE nCS_XD [2] B_FREn [2] B_RnB



VCC D7 D6 D5 D4 D3 D2 D1 D0 GND WP WE ALE CLE CE RE R/B GND GND



xD_CARD Socket



Figure8-3. xd Picture Card Circuit Diagram(Base Board) R3 R4 R5 R6



CFGB3 1 2 3 4



[2] B_CSn_2



8 7 6 5



VDD3.3V 100K/R1608 100K/R1608 100K/R1608 100K/R1608 nCS_NAND nCS_XD nCS_ETH [12] nCS_EXT [10]



KHS04



CFGB4 1 2 3 4



[2] B_CSn_3



8 7 6 5



nCS_NAND nCS_XD nCS_ETH [12] nCS_EXT [10]



KHS04



SOP NAND : 1(On) XD Card : 2(On)



Figure8-4. xd Picture Card Circuit Diagram(Base Board)



CFG4 [2] Xm0CSn2 [2] Xm0RPn/RnB



1 2 3 4



8 7 6 5 KHS04



CFG4 M0CSn2 [11,12] RnB [11] nCS_EXT_ONE RPn_EXT



NAND/ONENAND



[1,2]: ON [3,4]: OFF



NANDC(CS2)



[1,2]: OFF [3,4]: ON



OneNANDC(CS2)



Figure8-5. Nand/OneNand Selection(CPU Board)
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8.3.2 Test Configuration



< Chip Select Selection : Base Board> CFGB3[4:1] Description [4]



[3]



[2]



[1]



Connected NandFlash to Xm0CSn2



OFF



OFF



OFF



ON



Connected XD Picture Card to Xm0CSn2



OFF



OFF



ON



OFF



CFGB4[4:1] Description [4]



[3]



[2]



[1]



Connected NandFlash to Xm0CSn3



OFF



OFF



OFF



ON



Connected XD Picture Card to Xm0CSn3



OFF



OFF



ON



OFF



< External Nand Selection setting : CPU Board> Description



CFG4 [4]



[3]



[2]



[1]



Using NAND (CS2)



OFF



OFF



ON



ON



Using OneNand (CS2)



ON



ON



OFF



OFF
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8.4 FUNCTIONAL TIMING 8.4.1 DC Specifications Parameter



Symbol



Min



Typ



Max



DC Supply Voltage for memory port



VDDm0



1.65V



1.8V



2.75V



8.4.2 Timing Specification



Figure8-6. NAND Flash Timing
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Table 8-1. NAND Bus Timing Constants (VDDI= 1.0V± 0.05V, TA = -40 to 85°C, VDD = 3.3V ± 0.3V, 2.5V ± 0.25V, 1.8V ± 0.15V) Parameter



Symbol



Min



Max



Unit



NFCON Chip Enable delay



tCED



-



7.83



ns



NFCON CLE delay



tCLED



-



8.96



ns



NFCON ALE delay



tALED



-



8.38



ns



NFCON Write Enable delay



tWED



-



9.42



ns



NFCON Read Enable delay



tRED



-



10.03



ns



NFCON Write Data delay



tWDD



-



8.78



ns



NFCON Read Data Setup requirement time



tRDS



1.00



-



ns



NFCON Read Data Hold requirement time



tRDH



0.20



-



ns
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8.5. S/W DEVELOPMENT 8.5.1 IP Operation Flowchart 8.5.1.1 Read ID



Flash Chip Enable (NFCONT[1]='0')



Read Command (NFCMMD=0x90)



Write Address (NFADDR=0x0)



Read Data(NFDATA): 4Bytes



Flash Chip Disable (NFCONT[1]='1')



*For example: K9F1208U0M
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8.5.1.2 Check Invalid Block



Flash Chip Enable (NFCONT[1]='0')



To clear this value write'1'



Clear RnB Detect (NFSTAT[4]='1')



Check Nand Type



Nand Type = SLC, 1page=2048B Read Command (NFCMMD=0x00) Write Address (NFADDR(0x0)) Write Address (NFADDR):1cycle



Nand Type = SLC, 1page=512B Read Command (NFCMMD=0x50) Write Address (NFADDR(0x5))



Write Address (NFADDR): 3cycles



Normal nand?



False



Nand Type = SLC, 1page=2048B Read Command (NFCMMD=0x30)



True RnB Detect, while(!(NFSTAT&(1 
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