LEDs BOARD
USING EDK 9.1 IN THE ML403 BOARD

This tutorial describes the LEDs board and shows how to use it in the ML403 evaluation platform board using EDK. The content of this tutorial are specified below:
1) Description of the LEDs board

2) Connection of the pins of the LEDs board using EDK.

3) Examples using the LEDs board.

1) Description of the LEDs board.

 This board was developed by Jason Lechtemberg under direction of professor Pollard to give the users the opportunity to investigate and experiment with the features of the ML403 board. As it can be observed in Figure 1, the Xilinx ML403 evaluation platform board has expansion headers for easy adaptation or expansion of the board or for other applications (see the region highlighted by the red rectangle). 
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Figure 1 ML403 Evaluation Platform board.
These headers, which have 192 pins together, are connected to: single-ended and differential FPGA output and input pins, different powers like 2.5, 3.5 and 5 volts, GND, JTAG chain and the IIC bus. The developed board has 64 LEDs that are connected through resistors to the single-ended and differential FPGA I/O pins. The single-ended I/Os (32 pins) are in the J6 row and the differential I/Os (32 pins) are in the J5 row. Figure 2 shows the distributions of the two headers. It can be noticed that besides J5 and J6, there are two rows of pins connected to GND, one row (called J3) that contains power supplies (3.5, 5 V), expansions (TMS, TCK, etc) and the GPIO LEDs while the other row (called J4) that contains the power supply of 2.5 V.
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Figure 2 Distribution of the pins of the 2 headers in the ML403.
As it was explained before, row J5 corresponds to the I/O pins of the FPGA with differential connection. The following table shows the pin number associated with the FPGA for each of the J5 pins. It is important to know the distribution of the pins since to visualize any signal through the LEDs board, this signal has to be connected to a specific number of pin of the FPGA.
	HEADER pin
	FPGA pin
	HEADER pin
	FPGA pin

	Diff. pair neg.
	diff. pair neg.
	diff pair pos.
	diff. pair pos.

	J5 pin 2
	Y18
	J5 pin 4
	AA18

	J5 pin 6
	W19
	J5 pin 8
	Y19

	J5 pin 10
	Y21
	J5 pin 12
	Y20

	J5 pin 14
	W24
	J5 pin 16
	W23

	J5 pin 18
	Y23
	J5 pin 20
	Y22

	J5 pin 22
	AA20
	J5 pin 24
	AA19

	J5 pin 26
	AA17
	J5 pin 28
	Y17

	J5 pin 30
	AC20
	J5 pin 32
	AB20

	J5 pin 34
	AD21
	J5 pin 36
	AE21

	J5 pin 38
	AD20
	J5 pin 40
	AE20

	J5 pin 42
	AC19
	J5 pin 44
	AD19

	J5 pin 46
	AB18
	J5 pin 48
	AC18

	J5 pin 50
	AE23
	J5 pin 52
	AF23

	J5 pin 54
	AF22
	J5 pin 56
	AF21

	J5 pin 58
	AF20
	J5 pin 60
	AF19

	J5 pin 62
	AE18
	J5 pin 64
	AF18


Table 1 Distribution of the J5 pins of the ML403.
Note that the J5 has only the even number of pins in the headers just like J6. For that reason, the 32 pins of these rows are associated to the J5, and J6 pins from the pin number 2 to 64. The following table shows the distribution of J6.

	HEADER pin
	FPGA pin
	HEADER pin
	FPGA pin

	J6 pin 2
	AA24
	J6 pin 4
	V20

	J6 pin 6
	AC25
	J6 pin 8
	AC24

	J6 pin 10
	W25
	J6 pin 12
	AB24

	J6 pin 14
	Y24
	J6 pin 16
	AB23

	J6 pin 18
	W26
	J6 pin 20
	Y26

	J6 pin 22
	Y25
	J6 pin 24
	AA26

	J6 pin 26
	AA23
	J6 pin 28
	AC21

	J6 pin 30
	AB26
	J6 pin 32
	AC23

	J6 pin 34
	AB25
	J6 pin 36
	AD23

	J6 pin 38
	AC26
	J6 pin 40
	AD26

	J6 pin 42
	AC22
	J6 pin 44
	V22

	J6 pin 46
	V21
	J6 pin 48
	W22

	J6 pin 50
	AD25
	J6 pin 52
	AB22

	J6 pin 54
	W21
	J6 pin 56
	W20

	J6 pin 58
	AB21
	J6 pin 60
	AD22

	J6 pin 62
	AE24
	J6 pin 64
	AF24


Table 2  Distribution of the J6 pins of the ML403.
Figure 3 shows the LEDs board working in the ML403 board.
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Figure 3 LEDs board.
Now, that the LEDs board was explained and the distribution in J5 and J6 are specified, the following step is connected the signals that are needed to the board. For that reason, the following parts describe how to connect the signals to the pins of the board and show two examples.

2) Connection of pins of the LEDs board using EDK. 

To work with this board it is necessary to use an appropriate driver in EDK to associate each LED to a specific position in memory. In the previous tutorial, the GPIO IP core was explained. This GPIO, as its name indicates, is used for general purpose input output signals. For that reason, the same driver is going to be used for this board. 
To configure the pins of the board it is necessary to make some modifications in 3 files. These files, which were mentioned in the first tutorial, are: MHS, MMS and UCF files of the project.

Before changing those files, the first step is to create a project (EDK wizard) that uses a GPIO IP core such as LEDs _4 bits or LEDs_positions. In this case, the LEDs_positions is used. Note that the selection of either of these two projects is used only as a reference since the same configuration is applied in this case. For that reason it could be avoided in further projects. 

Now that the project has been created, the following step is to open the MHS file. To do so, go to the Project Information Area in the project tab, and double click in MHS file as seen below.
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Figure 4 Project Information.
In this file, two configurations are described. The first one is the port declaration, and the second one is the component declaration. As it has been said before, the configuration of these pins is performed in the same way as a peripheral that uses the GPIO core. For that reason the declaration of components and port will be the same. Note that the GPIO has an associated register of 32 bits of data in 2 channels. In this case, one channel is going to be configured for each group of 32 LEDs. The following lines of code have to be added in the MHS file.

	PORT fpga_0_LEDs_Positions_GPIO_IO_board_pin = fpga_0_LEDs_Positions_GPIO_IO_board, DIR = IO, VEC = [0:31]

 PORT fpga_0_LEDs_Positions_GPIO_IO_board2_pin = fpga_0_LEDs_Positions_GPIO_IO_board2, DIR = IO, VEC = [0:31]




	BEGIN opb_gpio

 PARAMETER INSTANCE = LEDs_board

 PARAMETER HW_VER = 3.01.b

 PARAMETER C_GPIO_WIDTH = 32

 PARAMETER C_IS_DUAL = 0

 PARAMETER C_IS_BIDIR = 1

 PARAMETER C_ALL_INPUTS = 0

 PARAMETER C_BASEADDR = 0x40020000

 PARAMETER C_HIGHADDR = 0x4002ffff

 BUS_INTERFACE SOPB = opb

 PORT GPIO_IO = fpga_0_LEDs_Positions_GPIO_IO_board

END

BEGIN opb_gpio

 PARAMETER INSTANCE = LEDs_board2
 PARAMETER HW_VER = 3.01.b

 PARAMETER C_GPIO_WIDTH = 32

 PARAMETER C_IS_DUAL = 0

 PARAMETER C_IS_BIDIR = 1

 PARAMETER C_ALL_INPUTS = 0

 PARAMETER C_BASEADDR = 0x40000000

 PARAMETER C_HIGHADDR = 0x4000ffff

 BUS_INTERFACE SOPB = opb

 PORT GPIO_IO = fpga_0_LEDs_Positions_GPIO_IO_board2
END




Note in the previous code that the parameters instances are: LEDs_board and LEDs_board2. They are 32 bits long and each of these instances has its own space in memory. The address was configured manually but an automatic form is available after this file is saved. To do this, go to the option Generate address that is in the tab address of the assembly view (this was explained in the first tutorial).

It can also be appreciated that in the declaration of ports, the LEDs are configured as an Input/Output since the configuration as an “output only” is made by software.
After saving this, the next file to modify is the MMS file that is found below the MHS file in the Figure 3. In this file, the drivers used for each instance are specified. The following code has to be added to this file. Note again that the same driver that used for the LEDs position is used for the LEDs board as it was mentioned before.
	BEGIN DRIVER
 PARAMETER DRIVER_NAME = gpio

 PARAMETER DRIVER_VER = 2.11.a

 PARAMETER HW_INSTANCE = LEDs_board

END

BEGIN DRIVER
 PARAMETER DRIVER_NAME = gpio

 PARAMETER DRIVER_VER = 2.11.a

 PARAMETER HW_INSTANCE = LEDs_board2
END




Finally, the UCF file is selected after saving the modifications in the MMS file. This part is the most tedious if all the LEDs are going to be used since the constraints of the connections have to be specified. The following code shows how the LEDs position is configured for each of its bits to understand better this process.
	Net fpga_0_LEDs_Positions_GPIO_IO_pin<0> LOC=C6;

Net fpga_0_LEDs_Positions_GPIO_IO_pin<0> IOSTANDARD = LVCMOS25;
Net fpga_0_LEDs_Positions_GPIO_IO_pin<0> PULLUP;

Net fpga_0_LEDs_Positions_GPIO_IO_pin<0> SLEW = SLOW;

Net fpga_0_LEDs_Positions_GPIO_IO_pin<0> DRIVE = 2;

Net fpga_0_LEDs_Positions_GPIO_IO_pin<0> TIG;


Note that 6 characteristics are specified in the previous code. In the following, each of these characteristics will be explained.
LOC: this refers to the name of the pin in the FPGA. In this case, it is connected to the pin C3. For this project, the name of the pins for each bit is found in the tables of J5 and J6, which have been specified before.
IOSTANDARD: In this part, the input/output standard is assigned to a pin. Note that LVCMOS25 refers to a Low voltage CMOS at 2.5V. There are the following options for this constraint: LVCMOS12, LVCMOS15, LVCMOS18, LVCMOS25 and LVCMOS33. For this particular case, the LVCMOS33 (CMOS at 3.3V) is going to be used.

PULLUP: as its name indicates, it is a net constraint. There are three types of constraints: PULLUP (default), PULLDOWN and KEEPER. The default option is used.
SLEW: This is used to define the rate transition. There are two types of slew: FAST and SLOW (default). Since slow is going to be used and it is defined by default, there is no need to specify this constraint.
DRIVE: This constraint selects the drive strength (mA) for a specific output. The values that it can take are: 2, 4, 6, 8, 12 (default), 16, 24. In this case, the default option is going to be used so there is no need to specify this constraint.
TIG (Timing IGnore): this is a timing constraint that is not used in this configuration.
Note that, there are some constraints with default values and others will not be used. For that reason, only LOC and the IOSTANDARD are going to be specified. It is important to assign the number of consecutive pins in the board with consecutive bits in the GPIO data register. The following code shows the configuration for the board.

	#LEDs BOARD 1

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<0> LOC=Y18;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<0> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<1> LOC=AA18;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<1> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<2> LOC=W19;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<2> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<3> LOC=Y19;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<3> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<4> LOC=Y21;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<4> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<5> LOC=Y20;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<5> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<6> LOC=W24;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<6> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<7> LOC=W23;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<7> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<8> LOC=Y23;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<8> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<9> LOC=Y22;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<9> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<10> LOC=AA20;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<10> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<11> LOC=AA19;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<11> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<12> LOC=AA17;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<12> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<13> LOC=Y17;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<13> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<14> LOC=AC20;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<14> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<15> LOC=AB20;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<15> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<16> LOC=AD21;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<16> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<17> LOC=AE21;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<17> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<18> LOC=AD20;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<18> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<19> LOC=AE20;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<19> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<20> LOC=AC19;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<20> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<21> LOC=AD19;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<21> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<22> LOC=AB18;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<22> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<23> LOC=AC18;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<23> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<24> LOC=AE23;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<24> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<25> LOC=AF23;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<25> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<26> LOC=AF22;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<26> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<27> LOC=AF21;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<27> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<28> LOC=AF20;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<28> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<29> LOC=AF19;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<29> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<30> LOC=AE18;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<30> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<31> LOC=AF18;

Net fpga_0_LEDs_Positions_GPIO_IO_board_pin<31> IOSTANDARD = LVCMOS33;

#LEDs board 2.

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<0> LOC=AA24;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<0> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<1> LOC=V20;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<1> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<2> LOC=AC25;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<2> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<3> LOC=AC24;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<3> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<4> LOC=W25;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<4> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<5> LOC=AB24;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<5> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<6> LOC=Y24;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<6> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<7> LOC=AB23;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<7> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<8> LOC=W26;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<8> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<9> LOC=Y26;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<9> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<10> LOC=Y25;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<10> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<11> LOC=AA26;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<11> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<12> LOC=AA23;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<12> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<13> LOC=AC21;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<13> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<14> LOC=AB26;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<14> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<15> LOC=AC23;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<15> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<16> LOC=AB25;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<16> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<17> LOC=AD23;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<17> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<18> LOC=AC26;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<18> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<19> LOC=AD26;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<19> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<20> LOC=AC22;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<20> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<21> LOC=V22;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<21> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<22> LOC=V21;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<22> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<23> LOC=W22;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<23> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<24> LOC=AD25;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<24> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<25> LOC=AB22;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<25> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<26> LOC=W21;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<26> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<27> LOC=W20;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<27> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<28> LOC=AB21;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<28> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<29> LOC=AD22;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<29> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<30> LOC=AE24;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<30> IOSTANDARD = LVCMOS33;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<31> LOC=AF24;

Net fpga_0_LEDs_Positions_GPIO_IO_board2_pin<31> IOSTANDARD = LVCMOS33;


Once, all the files are saved, the last steps are to generate the Netlist, generate the Bitstream and download the Bitstream. This procedure was explained before in the previous tutorial.

Now, the LEDs board is ready to be used. The following section shows 2 examples using the board.

3) Examples using the LEDs board.
Two examples are developed in this section. The first one consists of a simple counter and the second one is the implementation of the Fibonacci sequence.
To configure the pins as output the following code is used.
.org 0x0

#First the address associated with the LEDs boards are stored in two #registers.

main:
lis r1, 0x40000000@h
 
#load the address of the first
#column of leds.       


ori r1, r1, 0x40000000@l
#it is not necessary since the last 
#4 bits are zero


lis r2, 0x40020000@h
 
#load the address of the second 
#column of leds.       


ori r2, r2, 0x40020000@l

#Then the pins are configured as outputs for the LEDs board

li r3, 0x0


stw r3,4(r1)


stw r3,4(r2)

Now that the LEDs board is ready to use, the two codes to implement the examples mentioned before are presented. For the second part of the code, only one of the following codes has to be run if the run for each of the examples.
a) Counter
# First, we turn on all the leds.


li r3, -1

lp1:
lis r4, 0xfff00004@h
 



ori r4, r4, 0xfff00004@l


lp2:
stw r3,0(r1)


stw r3,0(r2)


addi r4,r4,1


cmpwi r4,0


bne lp2


addi r3,r3,1
#in this part the counter is incremented by 1.

b lp1

b) Fibonacci Sequence
##Implementation of Fibonacci Sequence
## 0 1 1 2 3 5 8 13……

li r6, 0


#the values for the first elements in the

li r7, 1


#sequence are initialized
lp3:
lis r4, 0xff3ff004@h
 



ori r4, r4, 0xff3ff004@l


lp4:
stw r7,0(r1)


stw r7,0(r2)


addi r4,r4,1


cmpwi r4,0


bne lp4


mr r8,r7


add r7,r6,r7


mr r6,r8


b lp3

NOTE: The steps for downloading the assembler are not showed here since they were explained in the previous tutorial.
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