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OneNAND WEn Disable to ADRVALID enable tWEA 15  ns 

OneNAND Address to OEn low tASO 10  ns 

OneNAND WEn Cycle time tWC 70  ns 

OneNAND Data Setup time tDS 30  ns 

OneNAND Data Hold time tDH 0  ns 

OneNAND CSn Setup time tCS 0  ns 

OneNAND CSn Hold time tCH 0  ns 

OneNAND WEn Pulse width low tWPL 40  ns 

OneNAND WEn Pulse width high tWPH 30  ns 

 
44.7 NFCON AC ELECTRICAL CHARACTERISTICS 

Figure 44-9. Nand Flash Timing 
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Table 44-12. NFCON Bus Timing Constants 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDm0 = 1.7V - 3.6V) 
Parameter Symbol Min Max Unit 

NFCON Chip Enable delay tCED - 6.85 ns 

NFCON CLE delay tCLED - 7.72 ns 

NFCON ALE delay tALED - 7.73 ns 

NFCON Write Enable delay tWED - 8.61 ns 

NFCON Read Enable delay tRED - 7.91 ns 

NFCON Write Data delay tWDD - 8.42 ns 

NFCON Read Data Setup requirement time tRDS 1.00 - ns 

NFCON Read Data Hold requirement time tRDH 0.20 - ns 

 
44.8 SDRAM AC ELECTRICAL CHARACTERISTICS 

 
Figure 44-10. SDR SDRAM READ / WRITE Timing (Trp = 2, Trcd = 2, Tcl = 2, DW = 16-bit) 
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Figure 44-11. SDRAM MRS Timing and Auto Refresh Timing (Trp = 2, Trc = 4) 

NOTE:  Before executing auto/self refreshing command, all banks must be in idle state. 
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Table 44-13. Memory Port 1 Interface Timing Constants (SDR SDRAM) 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDm1 = 1.75V – 2.70V) 
Parameter Symbol Min Max Unit 

SDRAM Address Delay tSAD 1.3640  3.8910  ns 

SDRAM Chip Select Delay tSCSD 1.2760  3.7090  ns 

SDRAM Row active Delay tSRD 1.2460  3.6590  ns 

SDRAM Column active Delay tSCD 1.2860  3.6890  ns 

SDRAM Byte Enable Delay tSBED 2.3360  5.0760  ns 

SDRAM Write enable Delay tSWD 1.2290  3.6100  ns 

SDRAM read Data Setup time tSDS 3.0000  - ns 

SDRAM read Data Hold time tSDH 1.5000  - ns 

SDRAM output Data Delay tSDD 2.2380  5.1940  ns 

SDRAM Clock Enable Delay tCKED 1.2070  3.6990  ns 

SDRAM Access time from Clock tAC - 6.0000  ns 

 
Load Capacitance  

Xm1* < 15pF 
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Figure 44-12. DDR SDRAM READ / WRITE Timing (Trp = 2, Trcd = 2, Tcl = 2, DW = 16-bit) 
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Table 44-14. Memory Port 1 Interface Timing Constants (DDR SDRAM) 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDm1 = 1.75V – 2.7V) 
Parameter Symbol Min Max Unit 

DDR SDRAM Address Delay tSAD 1.3640  3.8910  ns 

DDR SDRAM Chip Select Delay tSCSD 1.2760  3.7090  ns 

DDR SDRAM Row active Delay tSRD 1.2460  3.6590  ns 

DDR SDRAM Column active Delay tSCD 1.2860  3.6890  ns 

DDR SDRAM Byte Enable Delay tSBED 2.3360  5.0760  ns 

DDR SDRAM Write enable Delay tSWD 1.2290  3.6100  ns 

DDR SDRAM Output data access time from CK tSAC 2.0000  5.5000  ns 

DDR SDRAM Row Precharge time tRP 22.5000  - ns 

DDR SDRAM RAS to CAS delay tRCD 22.5000  - ns 

DDR SDRAM Write recovery time tWR 12.0000  - ns 

DDR SDRAM Clock low level width tCL 3.4751  3.6220  ns 

DDR SDRAM Read Preamble tRPRE 6.7500  8.2500  ns 

DDR SDRAM Read Postamble tRPST 3.0000  4.5000  ns 

DDR SDRAM Write Postamble time tWPST 3.0000  4.5000  ns 

DDR SDRAM Clock to valid DQS-In tDQSS 9.1423  9.3750  ns 

DDR SDRAM DQS-In Setup time tWPRES 1.3000  - ns 

DDR SDRAM DQS-In Hold time tWPREH 1.3000  - ns 

DDR SDRAM DQS-In high level width tDQSH 3.0000  4.5000  ns 

DDR SDRAM DQS-In low level width tDQSL 3.0000  4.5000  ns 

DDR SDRAM read Data Setup time tDDS - 0.5000  ns 

 
Load Capacitance  

Xm1* < 15pF 
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44.9 LCD CONTROLLER AC ELECTRICAL CHARACTERISTICS 
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HSYNC
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Tvdsetup Tve2hold

 
Figure 44-13. TFT LCD Controller Timing 
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Table 44-15. TFT LCD Controller Module Signal Timing Constants 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDlcd = 1.7V - 3.6V) 
Parameter Symbol Min Type Max Units 

VCLK pulse width Tvclk 18 200 − ns 

VCLK pulse width high Tvclkh 0.3 − − Pvclk(1) 

VCLK pulse width low  Tvclkl 0.3 − − Pvclk 

Vertical sync pulse width Tvspw VSPW + 1 − − Phclk(2) 

Vertical back porch delay Tvbpd VBPD+1 − − Phclk 

Vertical front porch dealy Tvfpd VFPD+1 − − Phclk 

Hsync setup to VCLK falling edge Tl2csetup 0.3 − − Pvclk 

VDEN set up to VCLK falling edge Tde2csetup 0.3 − − Pvclk 

VDEN hold from VCLK falling edge Tde2chold 0.3 − − Pvclk 

VD setup to VCLK falling edge Tvd2csetup 0.3 − − Pvclk 

VD hold from VCLK falling edge Tvd2chold 0.3 − − Pvclk 

VSYNC setup to HSYNC falling edge Tf2hsetup HSPW + 1 − − Pvclk 

VSYNC hold from HSYNC falling edge Tf2hhold HBPD + HFPD + 
HOZVAL + 3 − − Pvclk 

NOTES:   
1. VCLK period   
2. HSYNC period 
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 Figure 44-14. LCD I80 InterfaceTiming 

 
Table 44-16. LCD I80 Interface Signal Timing Constants 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDlcd = 1.7V - 3.6V) 
Parameter Symbol Min Type Max Units 

SYS_RS to SYS_CSn Low Tcssetup - LCD_CS_SETUP + 1 − Pvclk* 

SYS_CSn Low to SYS_WR Low Twrsetup - LCD_WR_SETUP + 1 − Pvclk 

SYS_WE Pulse Width  Twract - LCD_WR_ACT + 1 − Pvclk 

SYS_WE Hight to SYS_CSn High Twrhold - LCD_WR_HOLD + 1 − Pvclk 

NOTE:   
* Internal VCLK period   
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44.10 MODEMIF AC ELECTRICAL CHARACTERISTICS 
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Figure 44-15. Modem interface write timing diagram 

Table 44-17. Modem interface write timing 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDhi = 3.3V ± 0.3V, 2.5V ± 0.2V, 1.8V ± 0.1V) 
Parameter Description Min (ns) Max (ns) Notes 

tAVWR Address valid to address invalid 20 ns -  

tCSVWR Chip select active 20 ns -  

tAWR Address valid to write active 5 ns -  

tWR Write active 10 ns -  

tDSUWR Write data setup 10 ns -  

tDHWR Write data hold 5 ns -  

NOTE: Output load is 30pF at room temperature (25°C) 
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Figure 44-16. Modem interface read timing diagram 

Table 44-18. Modem interface read timing 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDhi = 3.3V ± 0.3V, 2.5V ± 0.2V, 1.8V ± 0.1V) 
Parameter Description Min (ns) Max (ns) Notes 

tAVRD Address valid to address invalid 40 ns -  

tADH Address hold 0 ns   

tCSVRD Chip select active 40 ns -  

tCSRD Chip select active to Read active 10 ns -  

tRD Read active 20 ns -  

tRDDV Read active to data valid - 35 ns  

tRDH Read data hold 6 ns -  

tACSDV Address and chip select active to data valid - 49 ns  

NOTE:  Output load is 30pF at room temperature (25°C) 
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44.11 LCD BYPASS AC ELECTRICAL CHARACTERISTICS 
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Figure 44-17. LCD Bypass Control signal timing diagram 
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Figure 44-18. LCD Bypass Data for write and read timing diagram 

Table 44-19. LCD Bypass timing Timing 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDhi = 1.7V - 3.6V) 
Parameter Description Min (ns) Max (ns) Unit 

tA2CS Host Address to LCD Chip Select 5 26 ns 

tC2CS Host Chip Select to LCD Chip Select 5 24 ns 

tA2RS Host Address to LCD Read Select 6 25 ns 

tWE2WE Host Write Enable to LCD Write Enable 3 12 ns 

tOE2OE Host Read Enable to LCD Read Enable 5 18 ns 

tWD Host Write Data to LCD Data 5 23 ns 

tRD Host Read Data from LCD Data 4 22 ns 

NOTE: Output load is 30pF at room temperature (25°C) 
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44.12 CAMERA INTERFACE AC ELECTRICAL CHARACTERISTICS 

 

 
Figure 44-19. Camera Interface VSYNC Timing 
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Figure 44-20. Camera Interface HREF Timing 
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Figure 44-21. Camera Interface Data Timing 

Table 44-20. Camera Controller Module Signal Timing Constants 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDext = 1.7V - 3.6V) 
Parameter Symbol Min Type Max Units 

XciVSYNC input Setup time Tssvsync 2.4 - - ns 

XciVSYNC input Hold time Thvsync 2 - - ns 

XciHREF input Setup time Tsshref 2.5 - - ns 

XciHREF input Hold time Thhref 2 - - ns 

XciDATA input Setup time Tssdata 1.8 - - ns 

XciDATA input Hold time Thdata 3 - - ns 
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44.13 SDMMC AC ELECTRICAL CHARACTERISTICS 

 

Figure 44-22. High Speed SDMMC Interface Timing 

Table 44-21. High Speed SDMMC Interface Transmit/Receive Timing Constants 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDmmc = 3.3V ± 0.3V, 2.5V ± 0.2V, 1.8V ± 0.1V) 
Parameter Symbol Min Type. Max Unit 

SD Command output Delay time tSDCD 1.0 − 14.0 ns 

SD Command input Setup time tSDCS 4.0(1) − − ns 

SD Command input Hold time tSDCH − − 0.1 ns 

SD Data output Delay time tSDDD 1.0 − 14.0 ns 

SD Data input Setup time tSDDS 4.0(2) − − ns 

SD Data input Hold time tSDDH − − 0.1 ns 

NOTE (1), (2): This values shows when the Rx Feedback Clock selections are enabled. If the Rx Feedback Clock selection 
disabled, setup time is increased to 14ns (this setting should be used when low speed mode). 
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44.14 SPI AC ELECTRICAL CHARACTERISTICS 
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Figure 44-23. SPI Interface Timing (CPHA = 0, CPOL = 1) 
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Table 44-22. SPI  Interface Transmit/Receive Timing Constants 

( VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDext = 3.3V ) 

Parameter Symbol Min Typ. Max Unit
SPI MOSI Master Output Delay 

time 
tSPIMOD - - 4 ns 

SPI MISO Master Input Setup 
time(Feedback Delay- 0nS) 

2 - - ns 

SPI MISO Master Input Setup 
time(Feedback Delay- 2nS) 

1 - - ns 

SPI MISO Master Input Setup 
time(Feedback Delay- 4nS) 

1 - - ns 

SPI MISO Master Input Setup 
time(Feedback Delay- 6nS) 

tSPIMIS 

0 - - ns 

SPI MISO Master Input Hold 
time(Feedback Delay- 0nS) 

3 - - ns 

SPI MISO Master Input Hold 
time(Feedback Delay- 2nS) 

6 - - ns 

SPI MISO Master Master Input 
Hold time(Feedback Delay- 4nS) 

9 - - ns 

SPI MISO Master Input Hold 
time(Feedback Delay- 6nS) 

tSPIMIH 

11 - - ns 

SPI MOSI Slave Input Setup time tSPISIS 3 - - ns 
SPI MOSI Slave Input Hold time tSPISIH 3 - - ns 

SPI MISO Slave output Delay time tSPISOD - - 10 ns 
SPI nSS Master Output Delay time tSPICSSD - - 19 ns 

Ch 0 

SPI nSS Slave Input Setup time tSPICSSS - - 20 ns 
SPI MOSI Master Output Delay 

time 
tSPIMOD - - 4 ns 

SPI MISO Master Input Setup 
time(Feedback Delay- 0nS) 

3 - - ns 

SPI MISO Master Input Setup 
time(Feedback Delay- 2nS) 

2 - - ns 

Ch 1 

SPI MISO Master Input Setup 

tSPIMIS 

1 - - ns 
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time(Feedback Delay- 4nS) 

SPI MISO Master Input Setup 
time(Feedback Delay- 6nS) 

1 - - ns 

SPI MISO Master Input Hold 
time(Feedback Delay- 0nS) 

4 - - ns 

SPI MISO Master Input Hold 
time(Feedback Delay- 2nS) 

5 - - ns 

SPI MISO Master Master Input 
Hold time(Feedback Delay- 4nS) 

7 - - ns 

SPI MISO Master Input Hold 
time(Feedback Delay- 6nS) 

tSPIMIH 

9 - - ns 

SPI MOSI Slave Input Setup time tSPISIS 3 - -  ns 
SPI MOSI Slave Input Hold time tSPISIH 3 -  -  ns 

SPI MISO Slave output Delay time tSPISOD - -  9 ns 

SPI nSS Master Output Delay time tSPICSSD - - 23 ns 

SPI nSS Slave Input Setup time tSPICSSS - - 20 ns 

NOTE:  SPICLKout = 50MHz  
  VDDEXT connects to SPI0  
  VDDmmc connects to SPI1 

44.15 MIPI-HSI AC ELECTRICAL CHARACTERISTICS 

 
Figure 44-24. MIPI HSI Timing Diagram 
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Table 44-23. MIPI HSI Interface Transmit/Receive Timing Constants  

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDhi = 3.3V ± 0.3V, 2.5V ± 0.2V, 1.8V ± 0.1V) 
Parameter  Description  1 Mbit/s  100 Mbit/s  

TNomBit  Nominal bit time  1000 ns  10 ns  

TMinEdgeSep  Minimum allowed separation of DATA and FLAG signal 

transitions  

500 ns  5 ns  

TMaxSkew  Maximum allowed time for combined skew and jitter  249 ns  1.5 ns  

tRise and tFall  Minimum allowed signal rise and fall time  2 ns  2 ns  

 
 
44.16 IIS AC ELECTRICAL CHARACTERISTICS 

 
Figure 44-25. IIS Interface Timing (Master) 

 
Table 44-24. IIS Controller Module Signal Timing Constants(I2S Master / TX) 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDpcm = 3.3V ± 0.3V, 2.5V ± 0.2V, 1.8V ± 0.1V) 
Parameter Symbol Min. Type. Max Unit 

LR Clock Out Delay TLROd 0.2 - 2.5 ns 

Serial Data Out Delay TDOd 0 -  ns 

Serial Data In Setup Time TDS 15 -  ns 

Serial Data In Hold Time TDH 5 -  ns 
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Figure 44-26. IIS Interface Timing (Slave) 

 
Table 44-25. IIS Controller Module Signal Timing Constants(I2S Slave / RX) 

(VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDpcm = 3.3V ± 0.3V, 2.5V ± 0.2V, 1.8V ± 0.1V) 
Parameter Symbol Min. Type. Max Unit 

LR Clock Input Delay TLRId 0 -  ns 

Serial Data Out Delay TDOd 7 -  ns 

Serial Data Setup Time TDS 2 -  ns 

Serial Data Hold Time TDH 5 -  ns 

 

 

 

 

 

 

 

 

 

 

 

 

 



ELECTRICAL DATA  6410_UM 

44-38   

44.17 USB HOST1.1 AC ELECTRICAL CHARACTERISTICS 

Table 44-26.  AC Electrical Characteristics (Driver@FS)  

Parameter Symbol Conditions Min Type Max Unit

Rise Time Tr CL = 50 pF 4  20 ns 

Fall Time Tf CL = 50 pF 4  20 ns 

Differential Rise and Fall Timing 

Matching 
TRFM  90  111.11 % 

Output Signal Crossover Voltage VCRS  1.3  2.0 V 

Driver Output Resistance ZDRV 
Steady State Drive 

External Resistance 39 Ω 
39  44 Ω 

 
Table 44-27.  AC Electrical Characteristics (Driver@LS)  

Parameter Symbol Conditions Min Type Max Unit

Rise Time Tr CL = 200 ~450pF 75  300 ns 

Fall Time Tf CL = 200 ~450pF 75  300 ns 

Differential Rise and Fall Timing Matching TRFM  80  125 % 

Output Signal Crossover Voltage VCRS  1.3  2.0 V 
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44.18 PCM AC ELECTRICAL CHARACTERISTICS  

 
Figure 44-27. PCM Interface Timing  

 
Table 44-28. PCM Module Signal Timing Constants 

 (VDDINT= 1.2V± 0.05V, TA = -40 to 85°C, VDDpcm = 3.3V ± 0.3V, 2.5V ± 0.2V, 1.8V ± 0.1V) 
Parameter Symbol Min. Typ. Max Unit 

PCMSCLK clock width 1/tCW 0.128 - 8.192 MHz 

PCMSCLK to PCMFSYNC delay tdFSYNC 0.5 -  ns 

PCMSCLK to PCMSOUT delay tdSOUT -0.5 -  ns 

PCMSIN setup time tsetupSIN 15 -  ns 

PCMSIN hold time tholdSIN 5 -  ns 

NOTE:  This table is applied to PCM0 and PCM1, respectively 
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44.19 I2C AC ELECTRICAL CHARACTERISTICS 

Table 44-29. IIC BUS controller Module Signal Timing 

(VDDINT, VDDarm = 1.2±0.05V , TA = -40 to 85℃, VDDext = 3.3V±0.3V)   

Parameter symbol Min Typ. Max Unit 

SCL clock frequency fSCL - - std. 100 
fast 400 kHz 

SCL high level pulse width tSCLHIGH std. 4.0 
fast 0.6 - - ㎲ 

SCL low level pulse width tSCLLOW std. 4.7 
fast 1.3 - - ㎲ 

Bus free time between STOP and START tBUF std 4.7 
fast 1.3 - - ㎲ 

START hold time tSTARTS std. 4.0 
fast 0.6 - - ㎲ 

SDA hold time tSDAH std. 0 
fast 0 - std.-fast 

0.9 ㎲ 

SDA setup time tSDAS std. 250 
fast 100 - - ㎱ 

STOP setup time tSTOPH std. 4.0 
fast 0.6 - - ㎲ 

NOTES : std. means Standard Mode and fast means Fast Mode. 

1. The IIC data hold time(tSDAH) is minimum 0ns. 

(IIC data hold time is minimum 0ns for standard/fast bus mode IIC specification v2.1) 

Please check the data hold time of your IIC device if it’s 0 ns or not. 

2. The IIC controller supports only IIC bus device(standard/fast bus mode), not C bus device. 

. 

 
Figure 44-28. IIC Interface Timing 
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