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Overview
The (EMIF16) is an External Memory InterFace utilizing a 16-bit data bus. The EMIF16 STK can test NAND FLASH and NOR FLASH over EMIF, which is the most common usage of EMIF. 
Refer to “KeyStone_1_Self_Test_Kit_User's_Guide(READ ME FIRST).doc” for some common information about K1 STK.

1 Test Algorithms

Three memory test algorithms are introduced in this section, and the purpose of these test algorithms is discussed.
1.1 Data filling Test

The pseudocode for data pattern filling test is:

for(memory range under test)


fill the memory with a value;

for(memory range under test)


read back the memory and compare the readback value to the written value

Normally, this test is done several times with different test data value. The common values used for test include 0, 0xFFFFFFFF, 0x55555555, 0xAAAAAAAA.

This test can detect stuck data bit, for example, if 

written value = 0, readback value = 0x8, 

It indicates bit 3 sticks to 1. If

written value = 0xFFFFFFFF, readback value = 0xFFFFFFFE, 

It indicates bit 0 sticks to 0.
1.2 Addressing test

The pseudocode for addressing test is:

for(memory range under test)


fill each memory unit with its address value;

for(memory range under test)


read back the memory and compare the readback value to the written value

This test can detect stuck bit on address bus, for example, if 

written value = 0 at address 0 

written value = 1 at address 1 

written value = 2 at address 2 

written value = 3 at address 3 

……

readback value = 2 at address 0

readback value = 3 at address 1

readback value = 2 at address 2

readback value = 3 at address 3

……

For this case, it indicates bit 1 of address bus sticks. So, the contents in address 0 and 2 are same, and the contents in address 1 and 3 are same.
For external memory bus, once we identify the stuck bit. Normally, there are three possible causes:

1. PCB issue. Normally, it is soldering issue, for example, one bus bit is connected to power or ground. We can use multimeter to measure the resistance between the bus signal and the power or ground. If the resistance to power or ground closes to 0, it normally indicates soldering issue.

2. external memory failure. We can use oscilloscope to monitor the bus, if the bit only sticks when read back, it normally indicates external memory failure.

3. DSP memory controller failure. If we exclude above possibilities, then we can swap the DSPs on a good board and the problematic board, if the problem goes with the DSP, then it normally indicates it is DSP memory controller failure.
1.3 Bit walking test

The pseudocode for bit walking test is:

test_value = 1;

for(0 to 15) //for 16-bit bus
{


write test_value to memory;


readback the data and compared to written value;


inversed_test_value = bit inverse of test_value;


write inversed_test_value to memory;


readback the data and compared to written value;


test_value = test_value<<1; 
//bit walking

}

This test is used to identify cross-talk issue. The test intentionally make one bit on the bus or memory cells different from all other bits, thus the negative cross-talk from all other bits is strongest. If there is cross-talk issue, it should be exposed by this test.
For example, if

written value = 0x00000010, readback value = 0

written value = 0xFFFFFFEF, readback value = 0xFFFFFFFF

It indicates the bit 4 is affected by cross-talk issue. 
To indentify cross-talk issue on a data bus, this test only need be executed at one address; to identify cross-talk of memory bit cells, this test need be executed for whole memory range under test.
For external memory interface, once we identify this, we should use oscilloscope to check the signal integrity of all related signals to find the source of cross-talk, and then PCB re-layout may be necessary to solve it.
2 Test code/project
This section introduces the implementation of these memory tests on KeyStone 1 DSP.
2.1 CCS project

Following figure shows the directory structure of the test project.
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Figure 1. Directory structure of test project

The project files are in “EMIF” folder. There is some commonly used initialization and driver code for EMIF and PLL… in “common” folder. The main source code files are in the “EMIF\src” subfolder. The NAND and NOR FLASH driver is in “EMIF\src\FLASH” subfolder. 
The main code are described as below:

Table 1. Source files of the test codes
	Function
	Source file
	Description

	KeyStone_EMIF16_init
	\common\ KeyStone_EMIF16_Init.c
	EMIF initialization function

	NOR_FLASH_test
	\EMIF\src\ EMIF_NOR_FLASH_test.c
	Main control function for NOR FLASH test

	NAND_FLASH_test
	\EMIF\src\ EMIF_NAND_FLASH_test.c
	Main control function for NAND FLASH test

	FLASH_MEM_Test
	\EMIF\src\EMIF_FLASH_mem_test.c
	Fill FLASH with fixed pattern or address, and then verify them.

	NOR_erase
	\EMIF\src\FLASH\flash_nor.c
	Implementation of low level operations on NOR FLASH.

	NOR_writeBytes
	
	

	NAND_eraseBlocks
	\EMIF\src\FLASH\flash_nand.c
	Implementation of low level operations on NAND FLASH.

	NAND_writePage
	
	

	NAND_readPage
	
	


2.2 To run the test program on KeyStone 1 EVM

The test programs can be run on EVM of C6678 or TCI6614. The type of the device on EVM is detected by STK code automatically.
The steps to run the test cases on EVM board are:

1. extract (or install) the package, and switch CCS workspace to the extracted folder (or installation folder)

2. import the project to CCS

3. build the projects. You may need to change the CSL including path, by default the project use CSL header files in: C:\ti\pdk_C6678_1_1_2_6\packages\ti\csl for C6678.

4. Set the boot mode of the device on EVM to no boot.

5. Load the program to core 0 of a DSP.

6. run the core, then, you should see output in console window.

Refer to appendix of this document to see the typical test output.

2.3 Test configuration
Following macro is used to select between NAND FLASH and NOR FLASH test, set “1” for NAND FLASH test; “0” for NOR FLASH test.
/*select between NAND FLASH or NOR FLASH test*/

#define NAND_FLASH_TEST 
1
2.4 Migrate the test to custom board
These tests are implemented based on TI’s EVM boards. 

DSP core speed configuration may need be changed in main function like below:

//DSP core speed: 122.88*236/29= 999.9889655MHz

KeyStone_main_PLL_init(122.88, 236, 29);
For FLASH different from the one on TI EVM, you may need change following code in “EMIF_NAND_FLASH_test.c”:
NAND_InfoObj gNandInfo =
{/*configuration for NAND512R3A2DZA6E*/

0,
//CSOffset;       

FLASH_BUS_WIDTH_1_BYTE,
//busWidth;       

4096,
//numBlocks;         

32,

//pagesPerBlock;     

512,
//dataBytesPerPage;  

16,

//spareBytesPerPage;   

1, 

//numOpsPerPage;     

512,
//dataBytesPerOp;      

16, 
//spareBytesPerOp;   

NAND_NO_ECC 
//ECC_mode;          
};
For NOR FLASH test, in “EMIF_NOR_FLASH_test.c”:

NOR_InfoObj gNorInfo =
{

CSL_EMIF16_data_REGS,/*flashBase;                  */  

FLASH_BUS_WIDTH_2_BYTES,/*busWidth;                   */  

FLASH_BUS_WIDTH_2_BYTES,/*chipOperatingWidth;         */  

FLASH_BUS_WIDTH_2_BYTES/*maxTotalWidth;              */  
};
For different memory devices, you may need change many of the EMIF configurations in “EMIF_main.c” as below:

gNandCeCfg.busWidth= EMIF_BUS_8BIT,

gNandCeCfg.opMode  = NAND_MODE,

gNandCeCfg.strobeMode = SS_STROBE,  

gNandCeCfg.waitMode = EMIF_WAIT_NONE,

/*timing configuration for NAND512R3A2DZA6E*/

gNandCeCfg.wrSetup = 1;//CSL_EMIF16_A0CR_WSETUP_RESETVAL,          

gNandCeCfg.wrStrobe = 4;//CSL_EMIF16_A0CR_WSTROBE_RESETVAL,         

gNandCeCfg.wrHold= 5;//CSL_EMIF16_A0CR_WHOLD_RESETVAL,            

gNandCeCfg.rdSetup= 1,//CSL_EMIF16_A0CR_RSETUP_RESETVAL           

gNandCeCfg.rdStrobe= 7,//CSL_EMIF16_A0CR_RSTROBE_RESETVAL          

gNandCeCfg.rdHold= 2,//CSL_EMIF16_A0CR_RHOLD_RESETVAL            

gNandCeCfg.turnAroundCycles= CSL_EMIF16_A0CR_TA_RESETVAL,  
To make your own configurations take effect, you must rebuild the project. Since CSL (Chip Support Library) header files are used by these projects, you may need change CSL including path in your system before you rebuild the project.
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Appendix: Typical test output

Below is the NAND FLASH test output on C6678 EVM.
JTAG ID= 0x1009e02f. This is C6678/TCI6608 device, version variant = 1.

DEVSTAT= 0x00010081. little endian, No boot or EMIF16(NOR FLASH) or UART boot, PLL configuration implies the input clock for core is 50MHz.

SmartReflex VID= 47, required core voltage= 1.001V.

Die ID= 0x02011014, 0x04010169, 0x00000000, 0x40680021

Device speed grade = 1000MHz.

Enable Exception handling...

Initialize DSP main clock = 100.00MHz/1x10 = 1000MHz

Initialize DDR speed = 66.67MHzx/1x20 = 1333.333MTS

Initializing NAND flash...

Manufacturer ID = 36h, Device ID = 20h

this is not an ONFI compliant device

NAND FLASH size = 512 x 32 x 4096 = 67108864 Bytes

Save data from 0x03800000 to 0x03840000.

Erasing blocks 3584 through 3599

Passed Memory Fill Test from 0x 3800000 to 0x 3840000 with pattern 0x       0

Erasing blocks 3584 through 3599

Passed Memory Fill Test from 0x 3800000 to 0x 3840000 with pattern 0xaaaaaaaa

Erasing blocks 3584 through 3599

Passed Memory Fill Test from 0x 3800000 to 0x 3840000 with pattern 0x55555555

Erasing blocks 3584 through 3599

Passed Memory Address Test from 0x 3800000 to 0x 3840000

Erasing blocks 3584 through 3599

Restore data from 0x03800000 to 0x03840000.

Save data from 0x03840000 to 0x03880000.

Erasing blocks 3600 through 3615

Passed Memory Fill Test from 0x 3840000 to 0x 3880000 with pattern 0x       0

Erasing blocks 3600 through 3615

Passed Memory Fill Test from 0x 3840000 to 0x 3880000 with pattern 0xaaaaaaaa

Erasing blocks 3600 through 3615

Passed Memory Fill Test from 0x 3840000 to 0x 3880000 with pattern 0x55555555

Erasing blocks 3600 through 3615

Passed Memory Address Test from 0x 3840000 to 0x 3880000

Erasing blocks 3600 through 3615

Restore data from 0x03840000 to 0x03880000.

Save data from 0x03880000 to 0x038c0000.

Erasing blocks 3616 through 3631

Passed Memory Fill Test from 0x 3880000 to 0x 38c0000 with pattern 0x       0

Erasing blocks 3616 through 3631

Passed Memory Fill Test from 0x 3880000 to 0x 38c0000 with pattern 0xaaaaaaaa

Erasing blocks 3616 through 3631

Passed Memory Fill Test from 0x 3880000 to 0x 38c0000 with pattern 0x55555555

Erasing blocks 3616 through 3631

Passed Memory Address Test from 0x 3880000 to 0x 38c0000

Erasing blocks 3616 through 3631

Restore data from 0x03880000 to 0x038c0000.

Save data from 0x038c0000 to 0x03900000.

Erasing blocks 3632 through 3647

Passed Memory Fill Test from 0x 38c0000 to 0x 3900000 with pattern 0x       0

Erasing blocks 3632 through 3647

Passed Memory Fill Test from 0x 38c0000 to 0x 3900000 with pattern 0xaaaaaaaa

Erasing blocks 3632 through 3647

Passed Memory Fill Test from 0x 38c0000 to 0x 3900000 with pattern 0x55555555

Erasing blocks 3632 through 3647

Passed Memory Address Test from 0x 38c0000 to 0x 3900000

Erasing blocks 3632 through 3647

Restore data from 0x038c0000 to 0x03900000.

Save data from 0x03900000 to 0x03940000.

Erasing blocks 3648 through 3663

Passed Memory Fill Test from 0x 3900000 to 0x 3940000 with pattern 0x       0

Erasing blocks 3648 through 3663

Passed Memory Fill Test from 0x 3900000 to 0x 3940000 with pattern 0xaaaaaaaa

Erasing blocks 3648 through 3663

Passed Memory Fill Test from 0x 3900000 to 0x 3940000 with pattern 0x55555555

Erasing blocks 3648 through 3663

Passed Memory Address Test from 0x 3900000 to 0x 3940000

Erasing blocks 3648 through 3663

Restore data from 0x03900000 to 0x03940000.

Save data from 0x03940000 to 0x03980000.

Erasing blocks 3664 through 3679

Passed Memory Fill Test from 0x 3940000 to 0x 3980000 with pattern 0x       0

Erasing blocks 3664 through 3679

Passed Memory Fill Test from 0x 3940000 to 0x 3980000 with pattern 0xaaaaaaaa

Erasing blocks 3664 through 3679

Passed Memory Fill Test from 0x 3940000 to 0x 3980000 with pattern 0x55555555

Erasing blocks 3664 through 3679

Passed Memory Address Test from 0x 3940000 to 0x 3980000

Erasing blocks 3664 through 3679

Restore data from 0x03940000 to 0x03980000.

Save data from 0x03980000 to 0x039c0000.

Erasing blocks 3680 through 3695

Passed Memory Fill Test from 0x 3980000 to 0x 39c0000 with pattern 0x       0

Erasing blocks 3680 through 3695

Passed Memory Fill Test from 0x 3980000 to 0x 39c0000 with pattern 0xaaaaaaaa

Erasing blocks 3680 through 3695

Passed Memory Fill Test from 0x 3980000 to 0x 39c0000 with pattern 0x55555555

Erasing blocks 3680 through 3695

Passed Memory Address Test from 0x 3980000 to 0x 39c0000

Erasing blocks 3680 through 3695

Restore data from 0x03980000 to 0x039c0000.

Save data from 0x039c0000 to 0x03a00000.

Erasing blocks 3696 through 3711

Passed Memory Fill Test from 0x 39c0000 to 0x 3a00000 with pattern 0x       0

Erasing blocks 3696 through 3711

Passed Memory Fill Test from 0x 39c0000 to 0x 3a00000 with pattern 0xaaaaaaaa

Erasing blocks 3696 through 3711

Passed Memory Fill Test from 0x 39c0000 to 0x 3a00000 with pattern 0x55555555

Erasing blocks 3696 through 3711

Passed Memory Address Test from 0x 39c0000 to 0x 3a00000

Erasing blocks 3696 through 3711

Restore data from 0x039c0000 to 0x03a00000.

Save data from 0x03a00000 to 0x03a40000.

Erasing blocks 3712 through 3727

Passed Memory Fill Test from 0x 3a00000 to 0x 3a40000 with pattern 0x       0

Erasing blocks 3712 through 3727

Passed Memory Fill Test from 0x 3a00000 to 0x 3a40000 with pattern 0xaaaaaaaa

Erasing blocks 3712 through 3727

Passed Memory Fill Test from 0x 3a00000 to 0x 3a40000 with pattern 0x55555555

Erasing blocks 3712 through 3727

Passed Memory Address Test from 0x 3a00000 to 0x 3a40000

Erasing blocks 3712 through 3727

Restore data from 0x03a00000 to 0x03a40000.

Save data from 0x03a40000 to 0x03a80000.

Erasing blocks 3728 through 3743

Passed Memory Fill Test from 0x 3a40000 to 0x 3a80000 with pattern 0x       0

Erasing blocks 3728 through 3743

Passed Memory Fill Test from 0x 3a40000 to 0x 3a80000 with pattern 0xaaaaaaaa

Erasing blocks 3728 through 3743

Passed Memory Fill Test from 0x 3a40000 to 0x 3a80000 with pattern 0x55555555

Erasing blocks 3728 through 3743

Passed Memory Address Test from 0x 3a40000 to 0x 3a80000

Erasing blocks 3728 through 3743

Restore data from 0x03a40000 to 0x03a80000.

Save data from 0x03a80000 to 0x03ac0000.

Erasing blocks 3744 through 3759

Passed Memory Fill Test from 0x 3a80000 to 0x 3ac0000 with pattern 0x       0

Erasing blocks 3744 through 3759

Passed Memory Fill Test from 0x 3a80000 to 0x 3ac0000 with pattern 0xaaaaaaaa

Erasing blocks 3744 through 3759

Passed Memory Fill Test from 0x 3a80000 to 0x 3ac0000 with pattern 0x55555555

Erasing blocks 3744 through 3759

Passed Memory Address Test from 0x 3a80000 to 0x 3ac0000

Erasing blocks 3744 through 3759

Restore data from 0x03a80000 to 0x03ac0000.

Save data from 0x03ac0000 to 0x03b00000.

Erasing blocks 3760 through 3775

Passed Memory Fill Test from 0x 3ac0000 to 0x 3b00000 with pattern 0x       0

Erasing blocks 3760 through 3775

Passed Memory Fill Test from 0x 3ac0000 to 0x 3b00000 with pattern 0xaaaaaaaa

Erasing blocks 3760 through 3775

Passed Memory Fill Test from 0x 3ac0000 to 0x 3b00000 with pattern 0x55555555

Erasing blocks 3760 through 3775

Passed Memory Address Test from 0x 3ac0000 to 0x 3b00000

Erasing blocks 3760 through 3775

Restore data from 0x03ac0000 to 0x03b00000.

Save data from 0x03b00000 to 0x03b40000.

Erasing blocks 3776 through 3791

Passed Memory Fill Test from 0x 3b00000 to 0x 3b40000 with pattern 0x       0

Erasing blocks 3776 through 3791

Passed Memory Fill Test from 0x 3b00000 to 0x 3b40000 with pattern 0xaaaaaaaa

Erasing blocks 3776 through 3791

Passed Memory Fill Test from 0x 3b00000 to 0x 3b40000 with pattern 0x55555555

Erasing blocks 3776 through 3791

Passed Memory Address Test from 0x 3b00000 to 0x 3b40000

Erasing blocks 3776 through 3791

Restore data from 0x03b00000 to 0x03b40000.

Save data from 0x03b40000 to 0x03b80000.

Erasing blocks 3792 through 3807

Passed Memory Fill Test from 0x 3b40000 to 0x 3b80000 with pattern 0x       0

Erasing blocks 3792 through 3807

Passed Memory Fill Test from 0x 3b40000 to 0x 3b80000 with pattern 0xaaaaaaaa

Erasing blocks 3792 through 3807

Passed Memory Fill Test from 0x 3b40000 to 0x 3b80000 with pattern 0x55555555

Erasing blocks 3792 through 3807

Passed Memory Address Test from 0x 3b40000 to 0x 3b80000

Erasing blocks 3792 through 3807

Restore data from 0x03b40000 to 0x03b80000.

Save data from 0x03b80000 to 0x03bc0000.

Erasing blocks 3808 through 3823

Passed Memory Fill Test from 0x 3b80000 to 0x 3bc0000 with pattern 0x       0

Erasing blocks 3808 through 3823

Passed Memory Fill Test from 0x 3b80000 to 0x 3bc0000 with pattern 0xaaaaaaaa

Erasing blocks 3808 through 3823

Passed Memory Fill Test from 0x 3b80000 to 0x 3bc0000 with pattern 0x55555555

Erasing blocks 3808 through 3823

Passed Memory Address Test from 0x 3b80000 to 0x 3bc0000

Erasing blocks 3808 through 3823

Restore data from 0x03b80000 to 0x03bc0000.

Save data from 0x03bc0000 to 0x03c00000.

Erasing blocks 3824 through 3839

Passed Memory Fill Test from 0x 3bc0000 to 0x 3c00000 with pattern 0x       0

Erasing blocks 3824 through 3839

Passed Memory Fill Test from 0x 3bc0000 to 0x 3c00000 with pattern 0xaaaaaaaa

Erasing blocks 3824 through 3839

Passed Memory Fill Test from 0x 3bc0000 to 0x 3c00000 with pattern 0x55555555

Erasing blocks 3824 through 3839

Passed Memory Address Test from 0x 3bc0000 to 0x 3c00000

Erasing blocks 3824 through 3839

Restore data from 0x03bc0000 to 0x03c00000.

Save data from 0x03c00000 to 0x03c40000.

Erasing blocks 3840 through 3855

Passed Memory Fill Test from 0x 3c00000 to 0x 3c40000 with pattern 0x       0

Erasing blocks 3840 through 3855

Passed Memory Fill Test from 0x 3c00000 to 0x 3c40000 with pattern 0xaaaaaaaa

Erasing blocks 3840 through 3855

Passed Memory Fill Test from 0x 3c00000 to 0x 3c40000 with pattern 0x55555555

Erasing blocks 3840 through 3855

Passed Memory Address Test from 0x 3c00000 to 0x 3c40000

Erasing blocks 3840 through 3855

Restore data from 0x03c00000 to 0x03c40000.

Save data from 0x03c40000 to 0x03c80000.

Erasing blocks 3856 through 3871

Passed Memory Fill Test from 0x 3c40000 to 0x 3c80000 with pattern 0x       0

Erasing blocks 3856 through 3871

Passed Memory Fill Test from 0x 3c40000 to 0x 3c80000 with pattern 0xaaaaaaaa

Erasing blocks 3856 through 3871

Passed Memory Fill Test from 0x 3c40000 to 0x 3c80000 with pattern 0x55555555

Erasing blocks 3856 through 3871

Passed Memory Address Test from 0x 3c40000 to 0x 3c80000

Erasing blocks 3856 through 3871

Restore data from 0x03c40000 to 0x03c80000.

Save data from 0x03c80000 to 0x03cc0000.

Erasing blocks 3872 through 3887

Passed Memory Fill Test from 0x 3c80000 to 0x 3cc0000 with pattern 0x       0

Erasing blocks 3872 through 3887

Passed Memory Fill Test from 0x 3c80000 to 0x 3cc0000 with pattern 0xaaaaaaaa

Erasing blocks 3872 through 3887

Passed Memory Fill Test from 0x 3c80000 to 0x 3cc0000 with pattern 0x55555555

Erasing blocks 3872 through 3887

Passed Memory Address Test from 0x 3c80000 to 0x 3cc0000

Erasing blocks 3872 through 3887

Restore data from 0x03c80000 to 0x03cc0000.

Save data from 0x03cc0000 to 0x03d00000.

Erasing blocks 3888 through 3903

Passed Memory Fill Test from 0x 3cc0000 to 0x 3d00000 with pattern 0x       0

Erasing blocks 3888 through 3903

Passed Memory Fill Test from 0x 3cc0000 to 0x 3d00000 with pattern 0xaaaaaaaa

Erasing blocks 3888 through 3903

Passed Memory Fill Test from 0x 3cc0000 to 0x 3d00000 with pattern 0x55555555

Erasing blocks 3888 through 3903

Passed Memory Address Test from 0x 3cc0000 to 0x 3d00000

Erasing blocks 3888 through 3903

Restore data from 0x03cc0000 to 0x03d00000.

Save data from 0x03d00000 to 0x03d40000.

Erasing blocks 3904 through 3919

Passed Memory Fill Test from 0x 3d00000 to 0x 3d40000 with pattern 0x       0

Erasing blocks 3904 through 3919

Passed Memory Fill Test from 0x 3d00000 to 0x 3d40000 with pattern 0xaaaaaaaa

Erasing blocks 3904 through 3919

Passed Memory Fill Test from 0x 3d00000 to 0x 3d40000 with pattern 0x55555555

Erasing blocks 3904 through 3919

Passed Memory Address Test from 0x 3d00000 to 0x 3d40000

Erasing blocks 3904 through 3919

Restore data from 0x03d00000 to 0x03d40000.

Save data from 0x03d40000 to 0x03d80000.

Erasing blocks 3920 through 3935

Passed Memory Fill Test from 0x 3d40000 to 0x 3d80000 with pattern 0x       0

Erasing blocks 3920 through 3935

Passed Memory Fill Test from 0x 3d40000 to 0x 3d80000 with pattern 0xaaaaaaaa

Erasing blocks 3920 through 3935

Passed Memory Fill Test from 0x 3d40000 to 0x 3d80000 with pattern 0x55555555

Erasing blocks 3920 through 3935

Passed Memory Address Test from 0x 3d40000 to 0x 3d80000

Erasing blocks 3920 through 3935

Restore data from 0x03d40000 to 0x03d80000.

Save data from 0x03d80000 to 0x03dc0000.

Erasing blocks 3936 through 3951

Passed Memory Fill Test from 0x 3d80000 to 0x 3dc0000 with pattern 0x       0

Erasing blocks 3936 through 3951

Passed Memory Fill Test from 0x 3d80000 to 0x 3dc0000 with pattern 0xaaaaaaaa

Erasing blocks 3936 through 3951

Passed Memory Fill Test from 0x 3d80000 to 0x 3dc0000 with pattern 0x55555555

Erasing blocks 3936 through 3951

Passed Memory Address Test from 0x 3d80000 to 0x 3dc0000

Erasing blocks 3936 through 3951

Restore data from 0x03d80000 to 0x03dc0000.

Save data from 0x03dc0000 to 0x03e00000.

Erasing blocks 3952 through 3967

Passed Memory Fill Test from 0x 3dc0000 to 0x 3e00000 with pattern 0x       0

Erasing blocks 3952 through 3967

Passed Memory Fill Test from 0x 3dc0000 to 0x 3e00000 with pattern 0xaaaaaaaa

Erasing blocks 3952 through 3967

Passed Memory Fill Test from 0x 3dc0000 to 0x 3e00000 with pattern 0x55555555

Erasing blocks 3952 through 3967

Passed Memory Address Test from 0x 3dc0000 to 0x 3e00000

Erasing blocks 3952 through 3967

Restore data from 0x03dc0000 to 0x03e00000.

Save data from 0x03e00000 to 0x03e40000.

Erasing blocks 3968 through 3983

Passed Memory Fill Test from 0x 3e00000 to 0x 3e40000 with pattern 0x       0

Erasing blocks 3968 through 3983

Passed Memory Fill Test from 0x 3e00000 to 0x 3e40000 with pattern 0xaaaaaaaa

Erasing blocks 3968 through 3983

Passed Memory Fill Test from 0x 3e00000 to 0x 3e40000 with pattern 0x55555555

Erasing blocks 3968 through 3983

Passed Memory Address Test from 0x 3e00000 to 0x 3e40000

Erasing blocks 3968 through 3983

Restore data from 0x03e00000 to 0x03e40000.

Save data from 0x03e40000 to 0x03e80000.

Erasing blocks 3984 through 3999

Passed Memory Fill Test from 0x 3e40000 to 0x 3e80000 with pattern 0x       0

Erasing blocks 3984 through 3999

Passed Memory Fill Test from 0x 3e40000 to 0x 3e80000 with pattern 0xaaaaaaaa

Erasing blocks 3984 through 3999

Passed Memory Fill Test from 0x 3e40000 to 0x 3e80000 with pattern 0x55555555

Erasing blocks 3984 through 3999

Passed Memory Address Test from 0x 3e40000 to 0x 3e80000

Erasing blocks 3984 through 3999

Restore data from 0x03e40000 to 0x03e80000.

Save data from 0x03e80000 to 0x03ec0000.

Erasing blocks 4000 through 4015

Passed Memory Fill Test from 0x 3e80000 to 0x 3ec0000 with pattern 0x       0

Erasing blocks 4000 through 4015

Passed Memory Fill Test from 0x 3e80000 to 0x 3ec0000 with pattern 0xaaaaaaaa

Erasing blocks 4000 through 4015

Passed Memory Fill Test from 0x 3e80000 to 0x 3ec0000 with pattern 0x55555555

Erasing blocks 4000 through 4015

Passed Memory Address Test from 0x 3e80000 to 0x 3ec0000

Erasing blocks 4000 through 4015

Restore data from 0x03e80000 to 0x03ec0000.

Save data from 0x03ec0000 to 0x03f00000.

Erasing blocks 4016 through 4031

Passed Memory Fill Test from 0x 3ec0000 to 0x 3f00000 with pattern 0x       0

Erasing blocks 4016 through 4031

Passed Memory Fill Test from 0x 3ec0000 to 0x 3f00000 with pattern 0xaaaaaaaa

Erasing blocks 4016 through 4031

Passed Memory Fill Test from 0x 3ec0000 to 0x 3f00000 with pattern 0x55555555

Erasing blocks 4016 through 4031

Passed Memory Address Test from 0x 3ec0000 to 0x 3f00000

Erasing blocks 4016 through 4031

Restore data from 0x03ec0000 to 0x03f00000.

Save data from 0x03f00000 to 0x03f40000.

Erasing blocks 4032 through 4047

Passed Memory Fill Test from 0x 3f00000 to 0x 3f40000 with pattern 0x       0

Erasing blocks 4032 through 4047

Passed Memory Fill Test from 0x 3f00000 to 0x 3f40000 with pattern 0xaaaaaaaa

Erasing blocks 4032 through 4047

Passed Memory Fill Test from 0x 3f00000 to 0x 3f40000 with pattern 0x55555555

Erasing blocks 4032 through 4047

Passed Memory Address Test from 0x 3f00000 to 0x 3f40000

Erasing blocks 4032 through 4047

Restore data from 0x03f00000 to 0x03f40000.

Save data from 0x03f40000 to 0x03f80000.

Erasing blocks 4048 through 4063

Passed Memory Fill Test from 0x 3f40000 to 0x 3f80000 with pattern 0x       0

Erasing blocks 4048 through 4063

Passed Memory Fill Test from 0x 3f40000 to 0x 3f80000 with pattern 0xaaaaaaaa

Erasing blocks 4048 through 4063

Passed Memory Fill Test from 0x 3f40000 to 0x 3f80000 with pattern 0x55555555

Erasing blocks 4048 through 4063

Passed Memory Address Test from 0x 3f40000 to 0x 3f80000

Erasing blocks 4048 through 4063

Restore data from 0x03f40000 to 0x03f80000.

Save data from 0x03f80000 to 0x03fc0000.

Erasing blocks 4064 through 4079

Passed Memory Fill Test from 0x 3f80000 to 0x 3fc0000 with pattern 0x       0

Erasing blocks 4064 through 4079

Passed Memory Fill Test from 0x 3f80000 to 0x 3fc0000 with pattern 0xaaaaaaaa

Erasing blocks 4064 through 4079

Passed Memory Fill Test from 0x 3f80000 to 0x 3fc0000 with pattern 0x55555555

Erasing blocks 4064 through 4079

Passed Memory Address Test from 0x 3f80000 to 0x 3fc0000

Erasing blocks 4064 through 4079

Restore data from 0x03f80000 to 0x03fc0000.

Save data from 0x03fc0000 to 0x04000000.

Erasing blocks 4080 through 4095

Passed Memory Fill Test from 0x 3fc0000 to 0x 4000000 with pattern 0x       0

Erasing blocks 4080 through 4095

Passed Memory Fill Test from 0x 3fc0000 to 0x 4000000 with pattern 0xaaaaaaaa

Erasing blocks 4080 through 4095

Passed Memory Fill Test from 0x 3fc0000 to 0x 4000000 with pattern 0x55555555

Erasing blocks 4080 through 4095

Passed Memory Address Test from 0x 3fc0000 to 0x 4000000

Erasing blocks 4080 through 4095

Restore data from 0x03fc0000 to 0x04000000.

FLASH test complete.
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