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	Version
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	Description of Change

	1.0
	December 12, 2013
	Cheng Peng
	Initial release

	1.1
	March 20, 2015
	Brighton Feng
	1. Print device information including device type, speed grade, boot mode, required voltage, ID…

2. save/restore flash content during test.
3. Support FLASH larger than 16MB.

4. fix CS selection and polarity bug in KeyStone_SPI_init_drv.c/h
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Overview of KeyStone SPI
Figure 1 shows the functional block diagram for Keystone SPI. The SPI is a high-speed synchronous serial input/output port that allows a serial bit stream of programmed length (2 to 16 bits) to be shifted into and out of the device at a programmed bit-transfer rate. The SPI is normally used for communication between the device and external peripherals, such as FLASH.
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Figure 1. KeyStone SPI functional block diagram

Keystone SPI has the following features:
· Programmable SPI clock frequency range

· Programmable character length(2 to 16 bits)

· Programmable clock phase(delay or no delay)

· Programmable clock polarity(high or low)

· Interrupt capability

· DMA support

Refer to “KeyStone_1_Self_Test_Kit_User's_Guide(READ ME FIRST).doc” for some common information about K1 STK.

1 Test mode and test cases
The SPI Self Test Kit is designed to cover following usage cases:
· internal loopback
· EDMA loopback 
· external FLASH (N25Qxxx FLASH)
The basic test method is to fill destination memory with fixed pattern (0, 0xFF, 0x55, 0xAA) or address, and then read back to verify it.

1.1 SPI Loopback Test
The internal loopback test can be used to check the transmit path and receive path including the transmit and receive buffers in the Keystone SOC. In loopback mode, the SPICLK, SPISOMI, SPISIMO pins should be set as functional pins, therefore the SPISIMO pin is internally connected to the SPISOMI pin. The transmit data is looped back as receive data and is stored in the receive buffer. 
[image: image2.png]SPICLK [Xe-»e—>)

Mode
and Clock
Generation

Logic

<«1— CPU/DMA Write

CPU/DMA Read

SPI Module Clock

«— Charlen®™
«— Prescale
+— Polarity™

«— CLKMOD™

- SPINTO (Interrupt)
[ SPINT1 (Interrupt)
| SPIREVT (EDMA Event)
[ SPIXEVT (EDMA Event)





Figure 2. KeyStone SPI internal loopback 
If internal loopback test passes, while external test fails, then, it normally means internal modules work well, the problem should on external signals or the other device connected to SPI. Normally, we should check the signal integrity on PCB.

1.2 SPI EDMA Test
EDMA can be used to avoid CPU overhead in handling the SPI traffic. The SPI module has two DMA synchronization event outputs for receive (REVT) and transmit (XEVT), allowing DMA transfers to be triggered by SPI read receive and write transmit events. The SPI module enables DMA requests by enabling the DMA request enable (DMAREQEN) bit in the SPI interrupt register (SPIINT0). When a character is to be transmitted the SPI module signals the DMA via the XEVT signal. The DMA controller then transfers the data from the source buffer into the SPI transmit data register (SPIDAT1). When a character is received, the SPI module signals the DMA via the REVT signal. The DMA controller then reads the data from the SPI receive buffer register (SPIBUF) and transfers it to a destination buffer for ready access. 
In the SPI EDMA test, the SPI is set in loopback mode. EDMA is used to send data from TX buffer to SPI, and receive data from SPI to RX buffer, and then, the data in TX and RX buffer is compared. The total transfer time is recorded and the throughput is calculated by taking total bytes transferred and dividing it by the time it used.
1.3 SPI FLASH Test
SPI FLASH or FLASH is the most common device connected to SPI, the STK SPI FLASH test is designed for N25Qxxx, it should be compatible with most of other SPI FLASH.

Two algorithms are used for SPI FLASH test.

1.3.1 Data filling Test

The pseudocode for SPI 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

The data filling is tested with different data pattern. The common values used for test include 0, 0xFFFFFFFF, 0x12345678, 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.

1.3.2 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.
2 Test project configuration
This section introduces the implementation of SPI test on KeyStone DSP. 
2.1 CCS project

The folders of the test project are as below:
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Figure 3. Directory structure of SPI project

The project files are in “SPI” folder. There is some commonly used initialization and driver code for EDMA and PLL… in “common” folder. The main source code files are in the “SPI\src” subfolder. Below table describes these source files.

Table 1. Source files of the SPI codes
	Source files
	Descriptions

	KeyStone_SPI_Init_drv.c
	SPI initialization and SPI Tx/Rx transfer function.

	SPI_EDMA_Test.c
	this source code implements below functionality: 

1. EDMA initialization

2. EDMA transfer parameter configuration

3. Transmission data verification 

	SPI_Loopback_Test.c
	Internal loopback test, which transfers data from source buffer in DSP to destination buffer also in DSP through SPI.

	SPI_FLASH_drv.c
	Implementation of low level operations on SPI FLASH.

	SPI_FLASH_Test.c
	Fill SPI FLASH with fixed pattern or address, and then verify them.

	SPI_main.c
	High level configuration and control for SPI loopback/EDMA/FLASH test.


2.2 To run the test program on KeyStone EVM
The project is built with CCS5.4. It can be run on EVM6678/6670/6614. 

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

5. Load the project to any core of a DSP.

6. Run the core, you should see output in console window.
Refer to appendix of this document to see the typical test output.

2.3 Test configuration
Loopback, EDMA or FLASH test can be configured to be tested or not through the following macros. The  value of “1” means enable the test, and “0” means disable the test.
 #define SPI_LOOPBACK_TEST 
1

 #define SPI_NOR_FLASH_TEST 

1
#define SPI_EDMA_TEST           

1
2.4 Migrate the test to custom board
This SPI example is implemented based on TI’s EVM boards. For SPI FLASH different from the one on TI EVM, user may need change following code in “SPI_main.c”:

#if SPI_NOR_FLASH_TEST



/*N25Q128 NOR FLASH test on C6678 EVM*/



FlashDataFormat.clockSpeedKHz =54000;



iFLASH_size_KB= 16*1024;



uiSPI_NOR_FLASH_page_size= 256;



needEraseBeforeWrite= TRUE;

#endif
For SPI devices different from FLASH, you may need change many of the SPI configurations in SPI Data Format configuration structure, following is the example for the SPI FLASH test in “SPI_NOR_FLASH_drv.c”.
/*data format for FLASH test*/

SPI_Data_Format FLASHDataFormat =

{


/*.delayBetweenTrans_ns=*/0,   


/*.ShifDirection       =*/SPI_MSB_SHIFT_FIRST,


/*.disable_CS_timing   =*/0,


/*.clockPolarity       =*/SPI_CLOCK_LOW_INACTIVE,


/*.clockPhase          =*/1,


/*.clockSpeedKHz       =*/30000,


/*.wordLength          =*/8

};
DSP core PLL configuration may need be changed in “SPI_main.c”:

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

KeyStone_main_PLL_init(122.88, 236, 29);

To make your own configurations take effect, you must rebuild the project. Since CSL (Chip Support Library) 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 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

SPI internal loopback test at 66MHz...

SPI loopback test passed with data pattern 0x0. Throughput= 32Mbps

SPI loopback test passed with data pattern 0xffff. Throughput= 32Mbps

SPI loopback test passed with data pattern 0x5555. Throughput= 32Mbps

SPI interrupt test: manually generate RX overrun error...

SPI receive buffer overrun interrupt happened at 39040582

SPI EDMA test at 66MHz...

SPI EDMA loopback test passed. Throughput= 50Mbps

SPI NOR FLASH test at 54MHz...

Read SPI NOR FLASH ID = 0x20 0xbb 0x18

Save data from 0xf00000 to 0xf40000.

Passed SPI_NOR_FLASH Fill Test from 0xf00000 to 0xf40000 with pattern 0x       0

Passed SPI_NOR_FLASH Fill Test from 0xf00000 to 0xf40000 with pattern 0xaaaaaaaa

Passed SPI_NOR_FLASH Address Test from 0xf00000 to 0xf40000

Restore data from 0xf00000 to 0xf40000.

Save data from 0xf40000 to 0xf80000.

Passed SPI_NOR_FLASH Fill Test from 0xf40000 to 0xf80000 with pattern 0x       0

Passed SPI_NOR_FLASH Fill Test from 0xf40000 to 0xf80000 with pattern 0xaaaaaaaa

Passed SPI_NOR_FLASH Address Test from 0xf40000 to 0xf80000

Restore data from 0xf40000 to 0xf80000.

Save data from 0xf80000 to 0xfc0000.

Passed SPI_NOR_FLASH Fill Test from 0xf80000 to 0xfc0000 with pattern 0x       0

Passed SPI_NOR_FLASH Fill Test from 0xf80000 to 0xfc0000 with pattern 0xaaaaaaaa

Passed SPI_NOR_FLASH Address Test from 0xf80000 to 0xfc0000

Restore data from 0xf80000 to 0xfc0000.

Save data from 0xfc0000 to 0x1000000.

Passed SPI_NOR_FLASH Fill Test from 0xfc0000 to 0x1000000 with pattern 0x       0

Passed SPI_NOR_FLASH Fill Test from 0xfc0000 to 0x1000000 with pattern 0xaaaaaaaa

Passed SPI_NOR_FLASH Address Test from 0xfc0000 to 0x1000000

Restore data from 0xfc0000 to 0x1000000.

SPI test complete at 56895078642 cycle
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