UART (Universal Asynchronous Receiver/Transmitter) TUTORIAL

USING EDK IN ML403 BOARD
This tutorial describes the peripherals for the RS232-UART that has the ML403 board and the usage of the OPBUART 16550 for the implementation of subroutines that store, send and receive characters through the UART.

The contents of this tutorial are specified below:

1. Description of the peripherals of the UART.

2. Configuration of the OPB UART 16550.

3. Examples of the implementation of subroutines using the OPB UART 16550.

1. DESCRIPTION OF THE PERIPHERAL OF THE UART
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Figure 1
The ML403 board has the possibility to choose 3 types of peripheral for the RS232-UART. The first one is the OPB UARTLITE which is a core for the On-Chip Peripheral Bus. This has a few features compare with the other options. These features are: 

· 16-character transmit FIFO and 16-character receive FIFO

· One transmit and one receive channel.

· Number of data character is configurable between 5 to 8 bits
· Parity is configurable between Odd, Even and None

· The baud rate is configurable from 110 to 921600

Note that all the configurations could be mde only once before programming the FPGA. For this reason, this peripheral is used when the configuration of the UART is known.

The other two possibilities are the OPB UART 16550 (connected to the On-the-chip peripheral) and PLB UART 16550 (connected to the Processor local bus). Both peripherals have the hardware and software register compatible with the standard 16450 and 16550 and for that reason the configuration for the UART 16550 or UART 16450 has to be specified when they are selected. These peripherals have many features that cannot be configured in EDK. To configure the parameters is necessary to specified in the source code.  These features that are implemented in all standard serial protocols are:
· Number of data character is configurable between 5 to 8 bits

· Parity is configurable between Odd, Even and None

· Internal baud rate generator and separate receiver clock input
· 1, 1.5 or 2 stop bit detection and generation

· Independent 16 word transmit and receive FIFOs
· False start bit detection and recovery

· Line break detection and generation

· Modern Control function

· Prioritized transmit, receive, line status and modern control interrupt

· Internal loop back diagnostic functionality

It is important to mention that there are some differences between the National semiconductor implementation between them are:
· FIFO control register has been made read/write. Read access is controlled by setting line control register bit 7.
· All internal registers reside on 32 bit word boundary not on 8 bit bytes boundary.

· The asynchronous microprocessor interface National Semiconductors PC16550D is synchronized to the system clock input of the UART.
2. CONFIGURATION OF THE OPB UART 16550.

Since the procedure to create and EDK project was explained in the previous tutorial, it is not necessary to specified all the steps. In this case the only peripheral that has to be selected is the OPB UART16550 as shown in the figure below.
The rest of the configuration is the same of the first laboratory: 

Processor clock frequency 300MHZ
Memory size of the PLB BRAM IF CNTLR 64KB
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Figure 2
Note that in this case, the interruption of the UART will be not used.
In contrast to the OPB UARTLITE that it configuration could be specified in the wizard, the OPB UART16550 needs to configure by the program in the memory. For that reason is necessary follow the next steps.
First, the base address of the UART has to be store in the register. This information could be found by looking in the addresses in the system assembly view. Note that for this case the base address associated with the UART is 0x40400000.
lis r5, 0x40400000@h

#load the base address (MSB) of the UART in r5 

ori r5, r5, 0x40400000@l

# load the base address (LSB) of the UART in r5 
The code above store in the register 5 the most significant bits of the UART base address and shift to the left the 16 bits and then made an or operation between the content of the register and the least significant bits of the base address (16 bits) in order to store the complete base address in the register 5.
To configure the baud rate, parity, etc. is necessary to know the address related with these features. The table below contains some of these address information. Note that the complete table is in page 8 of [3].

	REGISTER NAME
	LCR(7) + BASEADDRESS + ADDRESS
	ACCESS

	Receive Buffer Register (RBR)
	0 + BaseAddress + 0x1000
	Read

	Transmitter Holding Register (THR)
	0 + BaseAddress + 0x1000
	Write

	Line Control Register (LCR)
	X + BaseAddress + 0x100C
	Read/Write

	Line Status Register (LSR)
	X + BaseAddress + 0x1014
	Read/Write

	Divisor Latch Register (DLL)
	1 + BaseAddress + 0x1000
	Read/Write

	Divisor Latch Register (DLM)
	1 + BaseAddress + 0x1004
	Read/Write


Table 1: OPB 16550 UART Registers.
Configuration of the baud rate
To configure the baud rate is necessary to write in the registers DLL and DLM the value (16 bits) of the frequency divisor. The value to divide is the input clock of the ML403 which is 50 MHz. For that reason, the value of the LCR (7) has to be in 1 in order to enable the writing in the registers DLL and DLM. The following code shows how to set the baud rate for the UART and the following table shows the value for the divisor to obtain typical baud rates.
li r1,0x0080  


# write the value 0x80 in r1
stw r1,0x100c(r5)

#write in the LCR (7) the value 1.

Note that the address associated with the LCR is Base Address + 0x100C. For that reason in the second line of the code, the value of 0x100c is specified since r5 contains the base address. Now that the register DLL and DLM are enable to write, a divisor frequency value is chose for the configuration, in this case we choose the value to obtain 19200 bps.

li r2, 0x01


#load 0x01 in r2
stb r2, 0x1004(r5)  

#write the value 0x01 in the register DLM
li r2, 0x45


#load 0x45 in r2
stb r2, 0x1000(r5)

#write the value 0x45 in th register DLL

The prior same procedure is used in this case. The value of the base address is in r5 and the offset used to write in DLM is 0x1004 and DLL is 0x1000 as show the table above. 
	BAUD RATE
	FREQUENCY DIVISOR
	DML (hex)
	DLL (hex)

	110
	56818
	DD
	F2

	300
	20833
	51
	61

	1200
	5208
	14
	58

	2400
	2608
	0A
	2C

	4800
	1302
	05
	16

	9600
	651
	02
	8B

	19200
	325
	01
	45

	38400
	162
	00
	A2

	57600
	108
	00
	6C

	115200
	54
	00
	36

	230400
	27
	00
	1B

	460800
	13
	00
	0D

	921600
	7
	00
	07


Table 2: Baud rate frequency divisor.
Configuration of the bits in the UART
 In the serial communication, there are some bit definitions that is necessary to do. For that reason is necessary to configure the LCR with the values required for the communication. The following figure shows the distribution of the contents of the LCR register.

[image: image3.emf]0 23 24 25 26 27 28 29 30 31

DLAB

Set 

Break

Parity

PEN

EPS STB

WLS

UNUSED


DLAB (Divisor Latch Access): is set to “1” to enable the write in DLL and DLM as explained before.
EPS (Even Parity Select): is set to ‘1’ to select even parity otherwise odd parity is selected.

PEN (Parity Enable): is set to ‘1’ to enable parity.

STB (Number of Stop Bits): is set to ‘1’ to choose 1 stop bit otherwise 2 stop bits is selected (in the case of 5 bits-character 1.5 stop bits is selected).

WLS (Word Length Select): there are two bits that select the number of bits-character. “00” 5bits-characters, “01” 6 bits-character, “10” 7 bits character and “11” 8 bits-character.
To see more information about the LCR look at [3].

Now that the position of the bit configuration is know. The following code implements the communication with 8 bits word length, no parity, 2 stop bits and disables the DLB since the baud rate configuration was already set.

li r2, 0x03


#load 0x03 in r2
stb r2,0x100c(r5)  

# write 0x03 in LCR
Note that the value 0x03 in LCR represents a ‘0’ in DLAB so that the access to the divisor latch registers is not allowed, ‘0’ in PEN so that the parity is disable, ‘0’ in STB so that 2 stop bits were chosen and “11” in WLS so that 8 bits-characters is selected.
3. EXAMPLES OF THE IMPLEMENTATION OF SUBROUTINES USING THE OPB UART 16550.

To perform a correct communication through the UART, the status of receiver and transmitter has to be checked. To do so, the LSR register must be read since that register contains the status register bit definitions. The following figure shows the LSR. 
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THRE (Transmitter Holding Register Empty): This status bit indicates if the transmitter is empty ‘0’ or has information ‘1’.
DR (Data Ready): This status bit, when is ‘1’, indicates that the receiver register contains information.

To see in detail the rest of the bit status information look at the page 13 in [3].

 Now that the basis of the usage of the OPB UART16550 peripheral is know, the following codes implements some subroutines using the UART. Note that the code for the configuration is not specified since it was explained before.
Example 1: Write a routine that will echo the characters typed on the terminal, store the values in the memory and then, when return is the character received, print again all the stored characters. 
Solution 1: First, the status bit for the receiver must be checked. To do so, a mask is applied to the value in the LSR register with the following code. In this case, if the status bit for the receiver is ‘1’ that means that there is a value in the register to be read so that is continue run the code otherwise return to check again the value in a loop.

loop:

lwz r4,0x1014(r5)

#load the content of LSR in r4


andi. r4,r4,0x01

#add r4 with 0x01 and store the result in r4


beq loop


#branch if r4 is cero.
Then, the bit status of the receiver (data ready) must be reset. To do so, the LSR register is written with cero.

li r4,0x0  


#load cero in r4
stw r4,0x1014(r5)

#write 0 in the LSR register.
Now, the value of the receive data is read. In this part, the value must be checked before since if the “return” character is sent, all the store values should be printed again. Since the ASCII code for the return is 0x0D, the value of the receive register is compared to that value in the following code. Notice that if the value of the receive register is 0x0D the code branch to nthe position for read the memory and then send the values through the UART otherwise the value is transmitted through the UART. Note that in this case it is not necessary to check  if the transmitter register ris empty since the velocity to enter the characters is less than the baud rate chosen (19 200 bps).

lwz r9,0x1000(r5)

#load in r9 the content of the receiver register.
cmpwi r9,0x0d

#compare the value of r9 with 0x0D.
beq read_mem

#branch to the position read_mem is r9=0x0D.
stw r9,0x1000(r5)

#Transmit the character received.
Since we need to store the characters in the memory, it is convenient to store in a register the value of the base address of the memory as did before with the UART. For that reason, write the following code before the storage of the base address of the UART.

lis r10, 0xFFFF0000@h
         #load the base address (MSB) of the memory in r10 

ori r10, r10, 0xFFFF0000@l
         # load the base address (LSB) of the memory in r10 
addi r11,r10,0x1000

         # add 0x1000 to the content of r10 and store in r11.

mr r12,r11


         # move the content of r11 to r12.
The following code sets the address to store the characters.

addi r11,r11,1

# increase in one the value of r11
stbu r9,0(r11)

#store the content of r9 (receive data) in the address that is in  r11
bl loop


#return to the loop in which the receive data is waiting.

The last part is to read from the memory and sent the characters through the UART. Note that in this case is necessary to check the status of the transmitter empty bit since the data is sent continuosly.

read_mem:
li r13,0xb 

#send the character 0x0b through the UART.



stw r13,0x1000(r5)
#to pass to second line in the terminal.
compare:
cmpw r11,r12

#compare the value of the register r12 with r11


beq end1

#if is equal r12=r11 end of the transmission.
tr_empty:
lwz r4,0x1014(r5)
#load the content of the LSR in r14.


andi. r4,r4,0x60
#applied the mask to see the transmisión bit status.


beq tr_empty

# if is not empty return to check again.


addi r12,r12,1

#increase in 1 the value of r12


lbz r13,0(r12)

#load the character in r13


stw r13,0x1000(r5)
#write the character of r13 in the TR register.


b compare

#check if there are more characters stored.
end1:

b loop


#return to the first loop.
Note that the register r12 contains initial value of r11. For that reason to read the memory the value of r12 is increased to match to the new value of r11. The file example1_uart.s contains the entire code for the solution of the first example.
Example 2: Write a program that continuously sends the character 0xff to the UART with no parity. The baud rates should be 1200, 4800, 9600 and 19200.

Since the configuration of the baud rate and the configuration bits was explained before, the program to send continuously the same character is explained below. The procedure is similar to the example 1. The status of the transmitter bit has to be checked and the value 0xff has to be written in the transmitter register. The following code implements this program.

no_ready:
lwz r1,0x1014(r5)
    #in this loop, the status of the transmitter bit 


andi. r1,r1,0x60
    # is checked.


beq no_ready




li r2,0xff

    #load the value 0xff in r2


stw r2,0x1000(r5)
    #write 0xff in the transmitter register.


b no_ready

    # return to no_ready to send the value again.

The entire program with all the configuration of baud rate is in the file example2_uart.s

Example 3:  Print a string. Create a program that store in memory the characters of a string ending in a 0x00 character and send them through the UART. To send the characters is necessary to write 2 subroutines one for read the memory and the other one to send the characters.
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