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1. PRODUCT OVERVIEW This document describes S3C6410 power design guide for circuit designer. It shows as follows, -



recommend DC operating conditions



-



recommend system power design



-



power on/off sequence



-



pll design guide



-



power consumption data



It will help you design your system properly.
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2. RECOMMENDED OPERATING CONDITIONS Table 1-1. Recommended Operating Conditions Parameter DC Supply Voltage for Alive Block



DC Supply Voltage for Core Block



Symbol



Min



Typ



Max



VDDALIVE VDDAPLL VDDMPLL VDDEPLL



1.15



1.2



1.25



1.15



1.2



1.25



0.95



1.05



1.3



1.15



1.25



1.3



66MHz



0.95



1.05



-



133MHz



0.95



1.05



-



1.0



1.10



-



1.05



1.15



-



533MHz



1.05



1.15



-



800MHz



1.25



1.35



Note 2)



66MHz



VDDINT



133MHz



Note 1)



266MHz



VDDARM Note 1)



400MHz



V



DC Supply Voltage for Memory Interface0 (NOR/NAND/OneNAND/CF)



VDDMEM0



1.7



1.8~3.3



3.6



DC Supply Voltage for Memory Interface1 (DRAM)



VDDMEM1



1.75



1.8/2.5



2.7



VDDMMC/VDDHI/VD DLCD/VDDPCM/VDD EXT/VDDSYS



1.7



1.8/2.5/3.3



3.6



DC Supply Voltage for RTC



VDDRTC



1.7



1.8/2.5/3.0



3.3



DC Supply Voltage for ADC



VDDADC



3.0



3.3



3.6



DC Supply Voltage for DAC



VDDDAC



3.0



3.3



3.6



DC Supply Voltage for USB OTG Phy 3.3V



VDDOTG



3.3 - 5%



3.3



3.3 + 5%



DC Supply Voltage for USB OTG Internal



VDDOTGI



1.2 - 5%



1.2



1.2 + 5%



VDDUH



3.0



3.3



3.6



TA



Extended



DC Supply Voltage for I/O Block



DC Supply Voltage for USB Host Operating Temperature



Unit



-25 to 85



o



C



Note 1) Even though each value is higher than that is described in user’s manual, We strongly recommend that proposed typical voltage should be adopted because of PMIC’s ripple characteristics. Note 2) VDDARM shouldn’t be supplied over 1.35V continuously. There are no abnormal operation on 6410 when VDDARM is supplied up to 1.4V instantaneously.
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3. RECOMMEND SYSTEM POWER DESIGN V.V-DC-DC Battery 3.8V/ xx mAh



V.V-DC-DC FET



S3C6410X VDDARM



VDDINT



VDDINT



VDDxPLL



VDDAPLL/VDDMPLL/V DDEPLL VDDALIVE



VDDALIVE



LDO



VDDRTC



LDO DC/DC



VDDMEMx VDDADC/DAC/UH



LDO



IO Voltage



LDO LDO



VDDARM



VDDOTG EN



GPIO Control



LDO



VDDOTGI EN



VDDRTC VDDMEM0 VDDMEM1 VDDADC/VDDDAC/V DDUH VDDMMC/VDDHI/VDD LCD/VDDPCM/VDDEX T/VDDSYS VDDOTG VDDOTGI



GPIO Control



Figure 1. Power Scheme Diagram VDDALIVE is fed into FET(MosFET Switch) to generate VDDxPLL. FET switch should be turned on when VDDINT is supplied. FET switch should be turned off when CPU is in sleep mode.
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4. CIRCUIT GUIDE FOR DVS SCHEME The diagram described in figure 2 is a example to implement h/w configuration for DVFS. VDDARM and VDDINT can be supplied directly from PMIC if the voltage of them can be variable with software setting.



VDD33V



VDDARM



VDDARM



R1 DC/ DC Converter



R2



R2 : DVS OFF Resistor Value R3 : DVS ON Resistor Value



R3



VDDARM is depended by ARM Frequency



nGPIO1 On: / w DVS Off: / wo DVS



FB



VDD33V



VDDINT



VDDINT



R1 DC/ DC Converter



R2



R2 : R3 :



Resistor Value(133MHz) Resistor Value(66MHz)



R3 nGPIO2 On: / w DVS Off: / wo DVS



FB



Figure 2. An example of generating variable voltage
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5. TIMING CHARTS WITH DVFS 5.1. Typical DVFS Level Definition 5.1.1. Typical DVFS Transition Table @ 533Mhz Synchronous and Asynchronous Mode LEVEL L0(Fast)



FoutAPLL



FoutMPLL



ARMCLK(MHz) 532



HCLK(MHz) 133



PCLK(MHz) 66



266



133



66



266



133



66



L3



133



133



66



AL1



133



66



66



AL2



66



66



66



L1 L2



532



266



Remark



Note)



Note) If AL1 or AL2 is used, refresh cycle should be set based on 66MHz at initial setting



5.1.2. Typical DVFS Transition Table @ 800Mhz Synchronous and Asynchronous Mode LEVEL L0(Fast)



FoutAPLL



FoutMPLL



ARMCLK(MHz) 800



HCLK(MHz) 133



PCLK(MHz) 66



400



133



66



266



133



66



L3



133



133



66



AL1



133



66



66



AL2



66



66



66



L1 L2



800



266



Remark



Note)



Note) If AL1 or AL2 is used, refresh cycle should be set based on 66MHz at initial setting
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5.2. Typical DVFS Transition Diagram 5.2.1. Typical DVFS Transition Diagram @ 533, 800Mhz



L3



L0



L2



L1



Figure 3. A transition diagram when cpu is in 533, 800Mhz DVFS level can be switched by changing clock divider. External access by ARM is not permitted when clock divider is changed at synchronous mode. It is implemented easily using IMB(Instruction Memory Barrier) and DMB(Data Memory Barrier). Refer to attached assembly code, ChangeDivider()
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5.3. Timing diagram with DVFS



xtal:xtal:xtal Slow



533:133:33



0:133:33



533:133:33



Normal



Idle



Normal



0V



(1) Power is turned on and program is started under slow clock (2) After locktime(caused by PMS setting), the system runs at high speed(533MHz) (3) Enter Idle mode (4) Wake-up from Idle mode



Figure 5. Transition between Normal and Idle mode when 533:133MHz Case
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Figure 6. DVFS example by changing clock divider when 533:133MHz Case
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Figure 7. DVFS with Idle state example by changing clock divider when 533:133MHz Case



Samsung Confidential



13



6410X_POWER DESIGN GUIDE PRELIMINARY REV 0.91



Figure 9. DVFS example by changing PMS value during
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6. POWER ON AND OFF SEQUENCE



tOA



VDD_IO Unknown State



User-Defined State



Reset State



IO State tAE



tAI



VDDALIVE Unknown State



XPWRRGTON VDDARM/ VDDINT



tOSC



OSC(XTIpll) tOR



XnRESET



S/W defines GPIO



Figure 10-a. Power on sequence in case of normal discrete power solution (Non-PMIC)



Symbol



Description



Min



Typical



Max



Units



tOA



VDD_IO to VDDALIVE



0



Ms



tAI



XPWRRGTON to VDDARM/VDDINT



It depend on Regulator



Ms



tAE



VDDALIVE to XPWRRGTON



0



Ns



tOSC



VDDINT/VDDARM/VDDPLL to Oscillator stabilization



tOR



Oscillator stabilization to XnRESET high



10 Note)



10



Ms Cycle



Note) VDD_IO=VDDMMC & VDDHI & VDDLCD & VDDPCM & VDDEXT & VDDSYS & VDDATA & VDDUH & VDDM0 & VDDM1 VDDPLL=VDDMPLL & VDDEPLL & VDDAPLL tOSC is depend on characteristics of crystal, pcb and capacitance.



Samsung Confidential



15



6410X_POWER DESIGN GUIDE PRELIMINARY REV 0.91



tAC



VDDALIVE User-Defined State



Reset State



IO State



VDDARM/ VDDINT



tCI



tOSC



VDD_IO OSC(XTIpll)



tOR



XnRESET



S/W defines GPIO



Figure 10-b. Power on sequence in case of PMIC solution



Symbol



Description



Min



Typical



Max



Units



tAC



VDDALIVE to VDD_ARM/INT



0



Ms



tCI



VDD_ARM/INT to VDD_IO



0



Us



tOSC



VDDINT/VDDARM/VDDPLL to Oscillator stabilization



tOR



Oscillator stabilization to XnRESET high



Note) 10



Ms Cycle



Note) VDD_IO=VDDMMC & VDDHI & VDDLCD & VDDPCM & VDDEXT & VDDSYS & VDDATA & VDDUH & VDDM0 & VDDM1 VDDPLL=VDDMPLL & VDDEPLL & VDDAPLL tOSC is depend on characteristics of crystal, pcb and capacitance.



Samsung Confidential



16



6410X_POWER DESIGN GUIDE PRELIMINARY REV 0.91



Figure 11. Power off sequence



Symbol Description Min TYP Max Units tloa VDD_IO to VDDALIVE 0 ms tloi VDD_IO to VDDINT/VDDARM/VDDPLL 0 ms Note) VDD_IO=VDDMMC & VDDHI & VDDLCD & VDDPCM & VDDEXT & VDDSYS & VDDATA & VDDUH & VDDM0 & VDDM1 VDDPLL=VDDMPLL & VDDEPLL & VDDAPLL



I/O signal has unknown state which is described in the Figure 10-a. I/O signal may occur glitch at power on stage. For example, when using this I/O as LED on/off control signal, it causes unwanted flickering. To protect this glitch, System designer can use external AND gate device with nRESET signal.
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Normal Mode



Sleep Mode



Reset



Normal Mode



VDD_Opx, cam, lcd, sd, sdram, sram, adc, rtc VDDA33T, A33C, UDEV



Turn on USB power when use USB



VDDarm /int/pll PWR_EN nRESET PWRSETCNT RSTOUT EXTCLK or XTIpll Pll lock time VCO Output



SYSCLK Sleep mode is initiated



Wakeup Event



Figure 12 Sleep mode & wakeup sequence Note) VDD_IO : VDDMMC, VDDHI, VDDLCD, VDDPCM, VDDEXT, VDDSYS, VDDMEMx, VDDSS PWR_EN : Signal at XPWRRGTON pin
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7. PLL DESIGN GUIDE XXTI



XrtxXTI



XXTO



XrtcXTO 5M-ohm



1M-ohm



X27MXTI



XotgTI



X27MXTO



XotgTO 1M-ohm



1M-ohm Figure 13 Crystal Design Guide



7.1. APLL/MPLL Specification The output frequencies of APLL/MPLL can be calculated using the following equations: FOUT = MDIV X FIN / (PDIV X 2SDIV) MDIV: 64 ≤ MDIV ≤ 1023 PDIV: 1 ≤ PDIV ≤ 63 SDIV: 0 ≤ SDIV ≤ 5 FVCO =(MDIV X FIN / PDIV): 800MHz ≤ FVCO ≤ 1600MHz FIN : 10MHz ≤ FIN ≤ 20MHz NOTE ) Although there is the equation for choosing PLL value, we strongly recommend only the values in the PLL value recommendation table. If you have to use other values, please contact us.
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FIN (MHz)



Target FOUT (MHz)



MDIV



PDIV



SDIV



12



266



266



3



2



12



400



400



3



2



12



533



266



3



1



400



3



1



12 800 Usual Conditions for MPLL & Clock Generator



PLL & Clock Generator generally uses the following conditions. Loop filter capacitance



CLF



Need not Loop Filter Capacitance



-



10 – 20 MHz



CEXT



15 – 22 pF



External X-tal frequency External capacitance used for X-tal



7.2. EPLL Specification The output frequencies of EPLL can be calculated using the following equations: FOUT = (MDIV + KDIV / 216) X FIN / (PDIV X 2SDIV) where, MDIV, PDIV, SDIV for APLL and MPLL must meet the following conditions : MDIV: 16 ≤ MDIV ≤ 255 PDIV: 1 ≤ PDIV ≤ 63 KDIV: 0 ≤ KDIV ≤ 65535 SDIV: 0 ≤ SDIV ≤ 4 FVCO (= (MDIV + KDIV / 216) X FIN / PDIV) : 300MHz ≤ FVCO ≤ 600MHz FOUT : 20MHz ≤ FOUT ≤ 600MHz FIN : 10MHz ≤ FIN ≤ 20MHz NOTE ) Although there is the equation for choosing PLL value, we strongly recommend only the values in the PLL value recommendation table. If you have to use other values, please contact us. FIN (MHz)



FOUT (MHz)



MDIV



PDIV



SDIV



KDIV



12



36



48



1



4



0



12



48



32



1



3



0



12



60



40



1



3



0



12



72



48



1



3



0



12



84



28



1



2



0



12



96



32



1



2



0



Samsung Confidential



20



6410X_POWER DESIGN GUIDE PRELIMINARY REV 0.91



Usual Conditions for EPLL & Clock Generator PLL & Clock Generator generally uses the following conditions. Loop filter capacitance External X-tal frequency External capacitance used for X-tal



CLF



XpllEFILTER: 1.8nF



-



10 – 20 MHz



CEXT



15 – 22 pF



7.3. USB OTG 2.0 PLL Specification PLL & Clock Generator generally uses the following conditions. REXT



R



44.2Ω ± 1%



VDDOTG



V



3.3 ± 5%



VDDOTGI



V



1.2 ± 5%



External X-tal frequency



-



12M/24M/48 MHz recommend a quartz crystal



External capacitance used for X-tal



CEXT



12M/24M - 20 pF 48M - 16 pF



Note ) (1) For usb2.0 device, user should be obey a layout rule of pcb.



7.4. TV OUT Clock Specification PLL & Clock Generator generally uses the following conditions. XdacIREF



R



6.49 KΩ ± 1%



VDDDAC



V



3.3 ± 0.3V



External X-tal frequency



-



27MHz 15pF



External capacitance used for X-tal



CEXT
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APPENDIX A. Example of Changing Divider Code ;--------------------------------- -----------------------------------------------------------------; Enable Branch Prediction ;--------------------------------- -----------------------------------------------------------------LEAF_ENTRY System_EnableBP mrc p15,0,r0,c1,c0,0 orr r0,r0,#R1_BP mcr p15,0,r0,c1,c0,0 mov pc, lr ENTRY_END ;--------------------------------- -----------------------------------------------------------------; ChangeDivider ;--------------------------------- -----------------------------------------------------------------EXPORT ChangeDivider ; r0=the value of clock divider ChangeDivider PROC stmfd sp!, {r0-r5} ldr r1,=0x7e00f020 mov r2, #0 mov r3, #0 loopcd mov r4, #0 mcr p15, 0, r2, c7, c10, 4 ; data synchronization barrier instruction mcr p15, 0, r2, c7, c10, 5 ; data memory barrier operation cmp r3, #1 streq r0, [r1] mcr p15, 0, r2, c7, c5, 4 ; flush prefetch buffer loop1000 add r4, r4, #1 cmp r4, #0x1000 bne loop1000 cmp r3, #1 add r3, r3, #1 bne loopcd ldmfd sp!, {r0-r5} mov pc,lr ENDP ;--------------------------------- -----------------------------------------------------------------; Disable Branch Prediction ;--------------------------------- -----------------------------------------------------------------LEAF_ENTRY System_DisableBP mrc p15,0,r0,c1,c0,0 bic r0,r0,#R1_BP mcr p15,0,r0,c1,c0,0 mov pc, lr ENTRY_END Usage) System_EnableBP(); ChangeDivider(); System_DisableBP();
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B. Power Requirement



Power Name



Voltage [V]



Max. Current [mA]



VDDALIVE



1.2



2



VDDAPLL/VDDMPLL/VDDEPLL



1.2



10



VDDARM



1.2



900



VDDINT



1.3



500



VDDMEM0



3.3



50



VDDMEM1



1.8



100



VDDMMC/VDDHI/VDDLCD/VDDPCM/VDDEXT/VDDSYS



3.3



150



VDDRTC



1.8



1



VDDADC



3.3



10



VDDDAC



3.3



20



VDDOTG



3.3



20



VDDOTGI



1.2



20



VDDUH



3.3



30
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